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ADVERTISEMENT. 


T H E Committee appointed by the Royal Society to direct the pub¬ 
lication of the Philofophical Tranfaftions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations which have 
been made in feveral former Rranfactions, that the printing of them was 
always, from time to time, the Angle ad of the refpe&ive Secretaries, till 
the Forty-feventh Volume: the Society, as a Body, never inlerclting them- 
felves any further in their publication, than by occafionally recommending 
the revival of them to fome of their Secretaries, when, from the particular 
circumftances of their affairs, the Tmnfaflions had happened for any 
length of time to be intermitted. And this feems principally to have 
been done with a view to latisfy the Public, that their ufual meetings 
were then continued, for the improvement of knowledge, and benefit of 
mankind, the great ends of their firft inftitution by the lloyal Charters, 
and which they have ever fince fteadily purfued. 

But the Society being of late years greatly inlarged, and their com¬ 
munications more numerous* it was thought ad vifable, that a Committee 
of their members Ihould be appointed to reconfider the papers read be¬ 
fore them, and feleft out of them fuch as they Ihould judge molt pro¬ 
per for publication in the future TranfaSlions ; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and 'will continue to be, the importance and Angularity of the fub- 
jefts, or the advantageous manner of treating them; without pretending 
to anfwer for the certainty of the facts, or propriety of the reafonings, 
contained in the feveral papers fo publifhed, which mull: ftill reft on the 
credit or judgment of their refpc&ivc authors. 
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It is likewife neceffary oa this occalion to remark, that it is an efra- 
blifbed rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body,upon any fubject, either of Nature or Art, 
that comes befoie them. And therefore the thanks, which are fre¬ 
quently propofed from the Chair, to be given to the authors of fuch pa¬ 
pers as are read at their accuftomed meetings, or to the perfons through 
whofe hands they receive them, are to be confidered in no other light 
than as a matter of civility, in return for the refpeft fhewn to the Society 
by thofe communications. The like alfo is to be faid with regard to 
the feveral projects, inventions, and curiofities of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheft appbrufc 
and approbation. And therefore it is hoped, that no regard will here¬ 
after be paid to fuch reports, and public notices; which in fome inftances 
have been too lightly credited, to thedi&onour of the Society. 
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L A Second Paper on Hygromeiry. 
t By J. A. De Luc, Efq. R R. S. 


Read December 9, 1790. 

N a Paper which I had the honour to prefent to the Royal 
Society in the year 1773, I fketched the following propo¬ 
rtions, as fundamental for the conftru&ion of an hygrometer. 
1 ft, That fire, confidered as the caufe of heat, was the only 
agent by which ahfolute drynefs could be Immediately produced 
(§ 5,). 2d, That water, iu its liquid ftate, was the only fure 

immediate means of producing extreme moifiure in hygrofcopic 
bodies (§ 8, and feq^). 3d, That there was no reafon, d priori , 
to expeft, from any hygrofcopic fubftance* that the meafurable 
Vol. LXXXI. B effeas 
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effects produced in it by moifiure were proportional to the In- 
tenfities of that caulc; and, confcqucnlly, that a true hyvro- 
metrical fcalc was to be a particular objcA of inquiry (§ 2.). 
^th, laflly, That perhaps the comparative changes, of the 
dhnenfiont of a fubflance, and of the weight of the fame or 
other fubflance, by the fame variations of mo/lure, might lead 
to fonic difeovery in that refped (§ 72.). The fame propoft- 
tions will be the fubjed of this Paper. 


Of abfolute chyncjs. 

1. An hygrofcopic body, which is not brought into contain: 
•with any other body drier than itfclf, cannot lofo any pan of 
its moijlurc but by evaporation ; and if thio is intitely produced 
by fire, there may be fuch a degree of heat as will caufe the 
total evaporation of that moijhtre. This is the ptinciplo on 
which the above full proportion was founded; but at the fame 
time I mentioned, that 1 had not brought h into prafUce, bo- 
caufo of the impoflibility of fubnutting the fubllance of the 
hygrometer to fuch a degree of heat. However, 1 toon 1 amoved 
that difficulty by conlidering, that the dtgree of heat neediary 
to produce ext nine drymfs, might be appltui to fume fubflance 
that could bear it; and that dtyneji bo tranfmitted to the hygro¬ 
meter, by inclofmg it with that fubflance in a proper vefftl. 
The fubflance 1 chofe was potq/h; and 1 prepared, for this and 
fome other hygromctrical purpofes, an apparatus which was 
made by Metf. Nairnu and Blunt in 1776. But a new 
obje&ion flopped me again in that purfuit, and led me for fome 
time to a very great and now alraofl ufclefs labour. The 
degree of drynefs produced by poiajh fo ufed, could be only 
proportionable to the degree of heat that it had received 3 ami 
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not conceiving yet any known limit to the iutenfity of heat, 
I could not expe£t any limit to diynefs , nor even a fixed degree 
of it. 

2. I remained at that point, with however a comparable hy¬ 
grometer laborioufly conftru&ed, till I came to conceive, that 
heat muft be at its maximum in a body, when it is incan- 
defeent ; which opinion 1 have explained in my work, Idees fur 
la Meteorologie. From that firft idea I foon after concluded ; 
that every hygrofeopk fubftance, which could retain that pro¬ 
perty after having been brought into incandefcence , would 
anfwer my firft purpole. The following is the theory refiult- 
ing from the whole of the above confiderations. xft, Tho 
hygrofeopic fubftance which has the moft capacity for moiflure , 
and receives it the moft readily, being placed in any quantity in 
a given fpace, cannot bring that fpace to a degree of drynefs 
greater than its own ; and if that degree is undetermined, it 
cannot afford any fixed point for the hygrometer . 2d, The 

hygrofcopic fubftance which has the final left capacity for moif 
ture , and is the flowed in receiving it, if it is really reduced to 
extreme drynefs , will have the power of producing it iti a givcu 
fpace, provided its fmall capacity be compenfatcd by a greater 
quantity, and its flownds by more time. 3d, Every hygro¬ 
feopk fubftance, which may be brought to while heat without 
lofing its property, is fit to produce extreme drynefs in a dole 
fpace. 4th, It is indifferent for that purpofe, that the fub¬ 
ftance ufed be of the clafs which has a chemical affinity with 
water , it being diffident that, after having been reduced to 
extreme drynefs , it be Hill capable of receiving it from the am¬ 
bient medium , as may every porous fubftance. 5th, But for 
the practical purpofe of fixing the point of extreme drynefs on 
hygrometers , fuch a fubftance mu ft be chofen as, with a great 

B 2 capacity 
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capacity for mo]flun\ receives it but (lowly : as by that firfl. pro- 
iv rfy it may be taken in lef> (quantity ; and by the ln.fl, it will be 
ids fubjifl to acquire a fallible quantity of moijlwe in. the time 
jk“Cc fiaiy for the opeialiens. 

Pot-ajh and fume other alkaline fubftanccs afforded the 
fadl of thofe piopcrtieSj but not the laft ; and I had not fixed 
on any fubfhuice, when, being at Birmingham in the autumn 
of 178 2, Mr, James Watt informed me, that his friend Dr, 
Black had found in quicklime a great capacity for moijlure, 
and much (lowncfs in retaking it: this he knew, by having 
kept a long time the fame lime in a clofo veiled, for dr} ing (alts 
and capillary tubes for thermometers. Thefe were the very 
properties 1 wanted for my purpofe, which thereby I executed 
as (bon as I came home. 1 made thofe firfl operations in final! 
glal’a velfels, tiling old lime, which I brought again to while 
heat every time I ufed it. Thofe firfl trials agieed with my 
theory in its firfl point; that of producing conflantly the fame 
degree of drynrfs : as for the fecund, namely, whether that 
degree was extreme, it depended on other experiments, 

4. iking Cure then of a fixed degree of dry net*;, the number 
of experiments 1 undertook made mo wilh for a means of 
avoiding the frequent repetitions of bringing again my lime to 
white heat; and having found one which has fuccoedeJ, lam 
going to deferibe the apparatus. The veiled, fig, 1. is of tin, 
3 feet high and l in diameter. A glafs plate a, a, a , a, is fixed 
at the top, forming a vertical feclion of the cylinder at r 
inch diftance forwards from the axis. A woven brafs-wiro 
cage b, b, b, b, is fixed in the veflul through its diameter, in 
order to keep a (pace for the inftruments; for the fame pur¬ 
pofe it is open at the top, and alfo oppolitc the glafs, where 
the dials of the inftruments are to be feen. For iny experi- 
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merits, which required inftruments of various fizes, I made 
that cage x8 inches high and 2 deep ; hut it may be much 
fmaller for common hygrometers. The whole veflel, except 
that fpace, has been filled, through the openings c, c } with 
quicklime taken from the kiln, and buffered only to lofe the 
red heat; after which the openings were covered with heaps of 
the lame lime, which abforbed the moifture of the air entering 
the veffel while it was cooling, and then the openings were 
fhut with tin plates and putty. The top of the veffel has four 
fquarc openings d, d, d, d, correfpondent to the wire cage, for 
the introduction of the inftruments, which are hung to hooks. 

I ufe a hooked wire for putting in or taking out the inftru¬ 
ments, to avoid bringing my fingers near the openings. Thefe 
are kept Ihut with tin plates and putty : I never open but one 
at a time, which 1 leave open as little as poffible; and to pre¬ 
vent the introduction of the external air in thofe Ihort opera¬ 
tions, I make them as nearly as poffible at the fame tempera¬ 
ture, which being 6o° of Fahrenheit may be obtained in 
every leafon. With thefe precautions, and alio by moift air 
being lighter than dry air, there is fcarccly any moifture intro¬ 
duced in the veffel except by the inftruments thcmfelvcs. 

5. This application of my method afforded me a very ftrong 
confirmation of the practical fixity of the point of dfyne/i pro¬ 
duced in that manner by lime : for the apparatus was different 
from the former ones; ift, by the quantity of the lime ; 2d, by 
the lime having been put very hot into the veftcl, while, when I 
ufed glafs veflels, I had fuffered it fometimes to cool down to 
6o°; 3d, by that lime being of the fuff calcination, inftead of 
old lime brought again to white heat; and all thefe differences 
produced no fcnfiblc effeCfc on the point of drynefs , Since that 
time Mefli Nairn® and Blunt, Mr. Hurtjer, and Mr. 

Haas* 
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‘Haas, have made apparatuses of the fame kind, and I have 
made myfelf 1'on.ie others of different fixes and da apes; and 
■they all produce fenfibly the fame degree of drynefs. 

6 . The deferibed apparatus was ready in the month of Odo- 
ber, 1787, and I putin it one of my firf X hygrometers', which, 
in a few days, came to its fixed point of drynefs, and there it 
has remained ever fince, though I have opened the veffel above 
four hundred times. That degree of con ft a a cy, much beyond 
my expectation, has enabled me to make a variety of ex¬ 
periments,. which elfe had been next to xmpoffible : it pto- 
ceeds partly from the great capacity of quicklime for molfiure , 
which I fhali determine hereafter; and partly from its flownefs 
in receivingif; which circumftances, addedtothefmall fizxof the 
openings, to their being at the top of the velTel, and to the care 
of putting in and taking out the inftruments nearly at the fame 
temperature, prevents the lime from acquiring any fenfiblc 
degree of molfure during thefe operations. 

7. I did not cruft at firft the apparent continuance of the 
fame degree of drynefs in that vefiel. At the end of nine 
months of frequent ufe, I began to fear, left the ‘whalebone , 
of which the fandard hygrometer is made, had been impaired ; 
and I took it out, to try its point of extreme molfure (of which 
I (hall fpeak hereafter ;) but it came exaftly to that point, and 
when put again into the Hme-vefTel it returned where it ftood 
before. I have repeated many times that trial, with the fame 
refult; the laft time was at the end of three years; when, 
inftead of a lofs of expansibility in the ‘whalebone, I found a 
fmall increafe, but probably accidental; it vVent a little farther 
than its point of extreme molfure , and came back to its con- 
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8. The principles of hygrometry being now my only object, 
It would not be proper to enter into particulars on its pradlical 
part; but I fhall bore men'ion for once, that the Head:efl by- 
grofccpic fubfiances are fubjed to anomalies : for inflancc, after 
an hygroicopc has remained fixed in water for many hours, if it is 
taken out, fuffered to dry a little, and then put again into water , 
it may fometimes happen to overpafs that point. In the 
fame manner, after an hygrofcope has been long fixed in the 
lime-vefiel, it may happen alfo, that in taking it out only for 
a quarter of an hour, and putting it in again, it will move a 
little farther than it was before. Again, if in taking it out of 
the lime-vcfflel, where it had long remained fixed, it is put into 
water , and then back into the lime-vejfel, it may happen, that 
it will fix ithlf a little fhort of its former point, and never move 
thence, except by repeated groat variations of heat; but if, when 
it fhews that difpofitjon, it is taken out for a fhort time, and put 
in again, it will then attain its ufual point. This was the 
cafe in the Lift trial of my Jlandard. Laflly, the fame anoma¬ 
lies may take place at every other point of the fcale of every 
hygrofcope, only more or kis aceotding to the fubflances; 
fome of which, for that reafon, cannot be ufed for practical 
liygrometry. 

9. Thole anomalies of the fleadicfl hygrnfcopic fubflances, 
will probably prevent our ever having in the hygrometer an 
infhument nearly fo exad as the thermometer; and this I was co 
premife, that when I mention the rcfults of particular hygi ofcopic 
experiments, it may be underflood, that they have only the 
degree of .exadnefs that belong to their clafs. Luckily thofe 
anomalies are yet of no confequence. for the great objeds of hy- 
grokgy and meteorology *, the prefent Hate of hygrometry being fuf- 
ficieut to excite on thofe obj,eds, queftions of great importance for 

natural 
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natural philofophy. And in the mean time thofe anomalies 
are very interelling in thcmfdvcs; as, from their laws, they 
hem to point out fome mollification of toh fan , as being the 
immediate caufe of clajlicity in johds. If ] can find time to put 
in order a number of obleivations and experiments I have 
made in that refpect, I intend to make it the lubjedt of a 
Paper, in which I fhali examine, from a general rcfult of 
thofe phenomena, the comparative ufe of weights and /firings 
for keeping ftretched the bygrofcopic fubfiance in hygrometers. 

io. After fixity in the degree of drynefs produced by lima 
in the manner I have explained, the next point to be examined 
in refpedt of my theory, was, if the nature of the fubftance 
brought to a white heat, had any influence on the degree of 
drynefs thereby produced ; aud in order to try at once the dFe£fc 
of a very great difparity, 1 chofe fuch a J'and-fione as is not 
affe&ed by acids, and ftrikes fire from fteel, before and after 
having been incandtfcent. The fir ft experiment I made was 
with a view of finding the comparative capacities for tmiflure 
between that font and lime. For that purpofe I took fuch 
pieces of them as might be readily reduced to half an ounce 
while iheandefeent; which being done, I put them into brafs 
cups, fitted to a fcale, and I incloled them under a 
glafs veffel inverted over water. I weighed thofe fubftances 
from time to time; each of them continued to acquire weight 
during five Weeks; at which time the fand-ftone had gained 
part of its original weight, and the lime 4.^: this laft was 
at that time all cracked and fallen in ftnall fragments, eafily 
reduced to powder •, the fand-ftone {truck fire as before, I next 
prepared a cylindrical tin veffel, to inches in diameter and 14 
inches high, with a glafs top, which I filled with fragments 
tba tftone, treated as the lime ; and when it was cooled, I 
' 4 - put 
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put into it an hygrometer, whofe fixed point of drynefi has been 
taken in the h me apparatus : and in five weeks it was fixed to 
the fame point. This is a demouhration, that the nature of the 
fubftauce does not interfere with the degree of dtymfi produced, 
and that incandefcence is the only caufe of its fixity. 

11. Laftly, in refpedt of hygrometry, a degree of drynefs thus 
determined might haye been fufficient ; but for hygrology, 
and even for natural philofophy in general, it was defirable to 
difeover if that fixed degree of drynefs was alfo abfolute : and the 
following are the coufiderations which diie&ed me in that en¬ 
quiry : if evaporation is produced by heat only, and if incan¬ 
defcence is the maximum of heat ; an hygi ojcopic body, which 
is brought to incandefcence, cannot contain any evaporable water; 
and if that body has fuch a mafs, as to be capable of abforbing 
all the water evaporated in a certain fpace, without acquiring any 
mea fur able moifiure , that fpace may be called abfolutely dry. 
Now, if an hygrofcopic fubfiance which is inclofcd in that fpace, 
contains any fenfible quantity of evaporable water, when heat 
increafes, that fubftancc muff lofe a pait of its moifiure in the 
medium, and take it back by the diminution of heat. Gdnfo- 
quently there was a means of dilcovering, if hygrofcapici ubflances, 
reduced to the above degree of drynefs , hill retain a fenfible 
quantity of evaporable water; it was that of obferving their 
weight, by changes of heat; and from thefe previous confiduations 
I made the following experiments. 

12. I hung fucceffively to a very fenfible beam, flaewing the 

changes of weight- by an index, different forts of vegetable and 
animal fubftance c , the beam being inclofcd in a glazed tin- 
vdfei, containing a fufficient quantity of quicklime i and dur* 
iftg fop operations, I produced from time to time great changes 
in »* ihefe /nances 

',y 0 i, LXXXt. * C ' ' • ’.retained 
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retained a fenfible qmntlty of evaparabk water, the increafc of 
beat made them lofe iome weight , which they regained partly 
when the heat returned to the fame point. But that effedt di- 
minifhed by degrees; and, at laft, a change of 30° of Fahren¬ 
heit did not produce any fenfible change of weight in thofe 
fubftanccs, though they were fuch as had a great capacity for 
moijlure . An hygrometer placed near the beam, was then at 
the point taken in the lime-vejfel. That fmgle experiment con¬ 
firms all the previous confiderations from which I had expe&ed 
abfAute drynejs from incandefcence. 

Of extreme moijlure, 

13. The fecond propofition 1 had fketched in my firft paper, 
is this “ that water, in its liquid Bate, is the only fure immediate 
“ means of producing extreme mojlure in hygroftopic bodies.” 

14. Moijlure , the nature of which we are firft to determine, 
may be confidered in three different cafes.—ift, In fubftances 
which have an affinity with water ; by which their moleculse 
and thofe of water may unite, and form a new compound.— 
idly, In fubftances which have no affinity with water, but to 
which water has a tendency to adhere; by which caufe it 
enters their capillary pores. —3dly, in the medium , or fpace free 
from vi&hle bodies. I have not undertaken to difeover what, 
ip the firft of thefe cafes, might properly be called moijlure , and 
ks degrees ; as I fcrefaw great difficulties in that undertaking, 
Which befides was unneceffary to my principal purfuk: 
therefore I Come immediately to the fecond cafe. 

15. Whoa I wrote my work 1dm fur la Mitiorobgk, having 
not yet made experiments I had in view to verify the opU 
Sm * entertained, that vegetable and animal fubftances, as 
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well as the porous mineral ones, received water merely by the 
faculty of capillary pores , I ufed fometimes the exprcflion by- 
grofcopic affinity , in treating of the hygofcropic equilibrium ; but 
before that work was come out of the prefs, having conveiftd 
on that objedt with Dr. Blagden, and found him inclined to 
that opinion, I had time and opportunity to exprefs it, in 
§ 2 76, as follows: “ There are reafons to doubt, whether fomc 
“ of the fubftances, which fhare amongft them the water dif- 
** feminated in a fpace, do not fuck it, by a faculty fimilar to 
«* that of capillary tubes , without any chymical affinity witix 
“ water That opinion will be now confirmed by the fol¬ 
lowing experiments. 

x 6. 1 ft. Exp. Sugar has an affinity with water, and no fen- 
fible one with alcohol : however, a lump-of fugar will imbibe 
this laft liquid as readily as the firft. Confequently, water is 
not imbibed by fugar in confequence of their affinity ; fince 
alcohol is alfo imbibed : they both afeend in fugar, by the faculty 
of its capilhry pores , as they do in J'and-Jhne or in fpunge . 
But when water has thus entered fugar , it difjolves it; which 
then is a chymical effedt ; whereas alcohol cvapoiates, and leaves 
the fugar fenfibly as it was before. 

17. 2d. Exp. If water penetrated hygrof topic fubftances of 
the vegetable and animal kinds, by an affinity with them, it 
would not be natural to expedt, that other liquids , which do 
not {hew an affinity with the fame fubftances as water , fhould 
penetrate the above-mentioned fubftances. Being led by that 
confideration, I made two hygrofeopes of different elaftic animal 
fubftances; and after having marked the point where they 
flood in water , 1 immerfed them fuccefiivcly in alcohol and in 
E ether ; by which liquids they were expanded nearly as much as 
, by water * and they cqhtra£ted as much in coming out of them. 

C 2 1 hi 
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In thofe experiments a Angular phenomenon happened in both 
hygrofeopes. The firft effect of the immerfion of thofe animal 
fubftancesin alcohol (and I fuppofc it would have been the fame 
with vegetable ones) was contraction , foon followed by expanfton ; 
and when they came out into the air, the firft effect was exptwjion , 
foon followed by contraction. The caufe of that reciprocal phae- 
nomenon is undoubtedly the affinity of alcohol with water. In 
the immerfion, fome of the moijlure came out of the lubftance, to 
unite with the furrounding alcohol j by which lofs of water , a con¬ 
traction took place in the fubftance, ’till it came to imbibe the 
alcohol itlclf. In the immerfion, fome of the moijlure of the 
air, uniting immediately with the alcohol retained by the fub¬ 
ftance, expanded it to the fame degree as if it had been in water ; 
after which, the alcohol evaporating, the fubftance contracted. 
Thofe phenomena did not happen with ether ; this not uniting 
readily with -water ; but it expanded thofe fubftauces as much 
is alcohol , and nearly as much as water. From thofe phreno- 
mena we may conclude, that the penetration of animal fub- 
ftances by water , and confcquently by moijlure , is produced, as 
that of fugar, fandjlone, and every other porous fubftance, by 
the faculty of capillary pores, without any affinity between them 
and water , 

18. 3d. Exp. In that theory, of a mere imiibitmn of wafer 
by hygrofcopic fubftauces of the elqjlk kind, a circumftanee, 
whicli feems to point out ffimity, was to be explained; it is that 
of thfe hygrofcopic equilibrium. In view of that objed, I made 
the following experiments, not new in themfelves, but dire&edtso 
my purpofe. I took fome ladwfvof final!boriss, 

ty&i^; ; m ■< of T cat 

them, in the middle of the bent part. This was to enable me* 
to bring into communication rise lower end of two tubes* 
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though held in a vertical pofition, as an inverted fyphon (Fig. 2.) 
The following are the experiments—ift. Exp. When a column 
of the liquid had afcended in one of thefe tubes; if I applied to 
it an empty tube of the fame bore, the liquid column divided it- 
felf equally between them.—2d. Exp. When the empty tube 
was of a fmaller bore, that column rofe more in it, than it funk 
in the other ; and the contrary happened when the empty tube 
was of a larger bore —3d. E xp. When fome more liquid was 
fupplied to the united tubes, it rofe in both, in pioportion to 
the refpe&ive heights of the former columns —4th. Exp. When 
a fuperabundant quantity of liquid was fupplied, it rofe to a 
maximum in each tube, and the heights of the columns 
iucrealed in fome proportion with their former heights. 

19. Thefe known faTs have a clear analogy with the 
hygrofcopic equilibrium m elajlic fubftauces.~~iif. Case* W hen 
the quantity of liquid common to capillary tubes is not fuffi- 
cietit for them to receive their refpe&ive maximum , they (hare It 
between them, and the equilibrium takes place, when theie is, 
in each of them, thefame ratio between its fpecific capillary power 
andtheweight of the raifed column.In the fame manner; when the 
quantity of water difieminated in a fpace, is not lufficknt, for 
feveral hygrofcopic fubsftances .to receive the maximum of water 
which they can contain in their pot es , they fhai e it amongtt them, 
and the equilibrium is produced, when there is in each of them 
the fame ratio, between its fpecific capillary power, and the 
refiftance ©f their pores to he more dilated.—2d. Case* When 
there is a fuperabundant quantity of liquid common to fome 
capillary tubes, each of them receives its maximum ; which is 
determined by an equilibrium , between its total capillary 
poster, and the weight of the raifed column, I11 the fame man¬ 
ner, when there is a fuperabundant quantity of abater common 



i4 Afn de Luc on 

to feveral hygrofcopic fubftances, each of them receives its 
maximum; which is determined by the equilibrium , between 
their total capillary power, and the rcfiftance of their pores to be 
more dilated. That final equilibrium , which, from its very nature, 
cannot be overpaffed in any elaflic fubftance properly ufed, 
determines the fpecific capacity of thofe fubftances for moifture . 

20. Moijiure then, considered in porous bodies not jolulle 
by water, may be defined, “ A quantity of water , which is 
«« invifibly contained in their pores ; without any other connec- 
« tion with their fubftance, than that which it has with the 
« glajs of the capillary tubes into which it has afeended.” 

21. We may fee now whence proceeds the hygrofcoptc equili¬ 
brium between elaftic fubftances inclofed in a fpace, either 
filled with atr or deprived of it. In this explanation it is 
unnecelfary to determine, how water is invifibly difleminated in 
fpaces free from vifible bodies, therefore 1 (hall not enter here 
into this fubjed; that diflemination is a fad admitted in every 
hypothefis, confequently the medium is only to be cotifidered as 
the ftock and ftandard of moijiure. By the cavife, whatever, of 
evaporation , hygrofcoptc fubftances lofe or gain water in the 
medium ♦ according to its degree of mofiure , till they are in 
equilibrium with it; which implies the equilibrium amongft 
themfelves according to the laws refuiting from their own 

.i’T'.; -; ' ;V“ ■ ; i: ' ; " i-. > 

22. Now mdfturt) in a general fenfe, ■ will appear .to.: be, ! ‘fa, 
“ quantity oiinvfible water , either evaporable, or evaporatedf 

the maximum of moifture will exift, 
•when, “ every circumftance remaining the. fame, no more 
; wafer can be admitted in a fpace, without becoming vifible ; 

being wet; and in the medium. 
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“by a fpontaneons precipitation of water” Laftly, as immerfing 
[olid bygrofcopic bodies in water, or expofing them in a medium 
where there is an adual precipitation of water (as in a fog) is 
an effectual means of furnifliing their pores with the whole quan¬ 
tity of water they can imbibe ; it is evidently a fare means of 
producing extreme moifture in them : and this point cannot be 
overpaffed, neither in water , nor in fog , fince it depends upon 
the refftance of the pores to further dilatation by the mere intro- 
dudion of water ; but it muft be attained in an hygrometer , to 
fix its point of extreme moifture. 

23. When formerly I had fixed upon that method for pro¬ 
curing to my firft hygrometer a true point of extreme moifture, 
it occurred to me, that the temperature of water might in¬ 
fluence fenfibly the expahfion of its ivory tube ; and in order to 
difcover if it was fo, I made fome experiments, related in 
§§ 104 &c. of my former paper, the refult of which was, 
that the temperature of water had a fenfible effed on the expan- 
fion of ivory. But foon after I diftrufted fome modifications of 
that complicated hygrometer ; and efpecially this particular 
refult. . 


24. I then changed that firft method ; which eonfifted in 
meafuring the changes of capacity of hollow cylinders, into 
that of meafuring the changes in length of bygrofcopic fubftances; 
and for fome preliminary experiments on many of them, I 
made particular frames fats which, by a combination of glafs and 
brafs, the effeds of heat on thofe materials compenfated each 
other;“ by which means the indices of thofe inftruments were 
only affeded by the modifications of the bygrofcopic fubftances 
tried in them. I have mentioned thefe frames in a paper on 


■pyfottikryp 'printed, fimthe Phil. C 1 ran/, for 1778*. 

■ 'faammfa: water ;:diflerpift;;. nmpmfaffi 


\ . 
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and I found a very little difference in its expanfwn , comparatively 
with what had appeared from my firft experiment. Then, 
continuing the fame trial on various fubftances, I found the 
effedfc of different temperatures of water very finall in general; 
.and even in feme fubftances, as deal taken lengthwife,. and 
hemp , I could not ascertain any. 

2^. Thefe experiments led me to think, that the fmall 
variations produced hy-heat in hygrofcopic fubftances dipt in 
water, were not hygrofcopic modifications, but the mere eftedls 
of beat , by the ceflation of all hygrofcopic modifications ; thefe 
having then attained their maximum: which is a diferimination of 
effects, that I had vainly attempted to produce by other means. 
When afterwards I had found the method of producing extreme 
drynefs, I made a lime apparatus, for the purpofe of repeating 
in it the fame experiments with my compound frames ; and 
1 found that theory confirmed, by- the effects of heat in 
that apparatus being nearly the fame, on the fame fubftances, 
as when they were in water. 

26. From the whole of the foregoing experiments there 
cannot remain any doubt, that water , in its liquid ftatc, is a 
fure means of fixing the point of extreme nmfture on hygrometers. 
Particularly, in refpeft of elaftic fubftances, as ivory, quill , 
whalebone:, all forts of woody and a number of others, which I 
laft experiments in water of difFerent tempera* 
turn, -afford;an immediate proof, that their faculty of fucking 
water' has a fixed limit, proceeding from a final refifmme of their 
-mcirei “■.-dlilattpsci' '-tfihwe introduction 0 f water*. , ■ Cpufe- 

tlteir mmofi expanfion is a true fign* that meijhre is 
mrme m chew t which point cannot be exceeded. But my ! 

Suttfouty I. had fetch that makt was- the 
miy nseam obtaining immediately the point ot 
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extreme moifture on hygrometers ; and this is a moft important 
queftion, bor h of hygrometry and hygrol.gy, winch remains 
to be examined. 


On /&? maximum of evaporation, and its correfpondence with the 
maximum of moifture in a medium. 

27. Since moifture confifts in inviftble water, an excefs of 
water is the only immediate means of ascertaining that the 
maximum exifts; as, if a refervoir is above our reach, the only 
means of knowing if it be full of water, is when it overflows. 
From that principle, a fog gives the point of extreme moifture 
on hygrometers , like water itfelf; becaufe it covers very 
foon the hygrofcopic fubftance with a coating of water : fome- 
times even it expands it a little more than an immediate appli¬ 
cation of water ; but this belongs to an objedt that I have 
waved before, as relating to fome modifications of el a flic [o~ 
lids (§ 8.). No other means then but an excefs of water over 
the furface of the hygrofcopic fubftance of the hygrometer , can 
afeertain that it is arrived at its point of extreme moifture; and the 
fir ft: immediate demonftration I (hall give of it, will be afforded 
by dew; a very uncertain, though apparently certain fign of 
extreme moifture in the air. We fay, that there is dew , when 
fome folids expofed in the open air in a clear evening arc wet\ 
but if that was the effeft of a precipitation of water happening 
in the air, all the folids thus expoled would be wet i which is 
far from being the cafe ; confequently, that phenomenon rauft 
proceed from fome particular caufes, by which, though no 
water is yet difpofed to abandon the medium , it gathers on fpme 
particular folids. It is very long fince the phenomena, of dm 
have perplexed natural philofopbers; and they were the firft 
Vol. LXXXI. D i ‘ which 
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which I ftudied in the beginning of my refearches in meteoro¬ 
logy ; but all that I concluded from my experiments and ob~ 
fervations was, that we could not underftand thole phenomena 
without firft having a fure hygrometer. This is the reafon 
why, foon after I had made my firft hygrometer, I expofed it 
in the open air in the country, fufpended very little above the 
grafs, from the morning of a fine day to the time of dew in 
the evening; the grafs grew wet, and the hygrometer remained 
at a great diftance from the point which had been fixed in water, 
1 have related that experiment in § 91, of my firft Paper. 

28. When I had made hygrofcopes of various forts of ftps ; 
for inftance, of different woods and of whalebone , cut acrofs 
the fibres; of ivory and horn, reduced firft into thin tubes, 
and then cut in fcrew; and of quills, by cutting alfo in fcrew 
their barrels; I repeated, with thofe inftruraents, ray obler- 
vations on dew ; and to give a Ihort, but determinate idea of 
the phenomena I obferved, I ftiall reduce them to fome gene¬ 
ral cafes, as indicated by one only of thofe hygrofcopes, that of 
quill, which, like all the others, is divided into 100 parts, from 
extreme drynefs to extreme moijlure. Thefe hygrofcopes were 
fufpended in the open air,, three feet above a grafs-plat in the 
country., lft Case. When a clear and calm evening fucceeds 
to a clear and warm day, the grafs frequently grows wet, 
though the above hygtoftcpe ftands many hours, and fometimes 
the whole night, between 50 and 55. ad Case, If the dew 
increafes, fo that taller herbaceous plants and fhrubs grow wet 
in. faoceffion, the hygrofcope moves more and more towards 
it, is cpme to about 8,0, plates of glajs &nd 
[; gs&f* ■ but at.that .period, neither : metallic. 

■ plates, like the glafs ones, 

''Mwii anffthw alfo mgy laft whole night,i. 



Hygrometry. 19 

dew proceeds to its maximum , the hygrofcope moves from 80 to 
100 (and fometimes a little farther, § 27 ). Then we hav© 
alfo a certain proof that extreme molflure exifts in the air ; for 
every folid body expofed to it is wet. But it is only at that 
moment that we can depend on extreme moijiure exiting; for, 
if in the other deferibed ftages of the phenomenon, the ap¬ 
pearance of water on the furface of fome folids had proceeded 
from a fpontaneous precipitation in the air, all the other folids 
ought to have been wet; but they only become wet in a certain 
fucceflion, and in the mean time the flip of quill* and all the other 
above-mentioned bygrofeopes , move more and more towards their 
point 100, in fign of moijiure increafing in the air. Confe- 
quently (as I had. concluded from my firft obfervutions), in- 
flread of having in dew an hygrofcopic ftatidard for the hygrome¬ 
ter , we have in its phenomena many circumftances which 
will only be explained with the affiftance of that inftrumenf. 

29. Some previous obfervations had alfo warned me again ft 
the general idea, that moijiure was to be extreme in the air , 
when there was a fufficient quantity of water in the fpace, 
even though that air might be fuppofed to be filled with evapo¬ 
rated water to its maximum ; and the doubts I entertained in 
that refpe<Sfc were the caufe of the difficulties I expreffed in the 
beginning of my firft Paper, which I only got over when I 
thought of water itfelf, to obtain the point of extreme moijiure 
on my hygrometer. This was alfo the reafon why, as foon as 
n?y firft hygrometer was fimfhed, I placed it in a cellar, the walls 
and ground of which were wet, and where it'continued two 
months, without ever attaining its point of extreme moijiure. I 
have related that experiment in § 54. etfeq. of my firft Paper. 

30. When alfo I had the bygrofeopes mentioned above in 
the obfervations on dew, I undertook a very long Courfe of 
various forts of experiments oti that important point ®f hy~ 

D a 
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grology, of which however I (hall only give here the general 
and couftant refults, as furnifhed by thofe hygrofcopes. 16 The 
“ maximum of evaporation in a mats of mclofed air is far from 
“ being identical with the maximum of moijlure ; this being 
dependent alfo, even to a very great degree, on the tempera- 
“ lure of the [pace, fuppofed to be the fame, or nearly fo, aa that 
“ of the water which evaporates in it. Moijlure may arrive to 
“ its extreme in an inclofed air, if that common temperature 
i(t is near freezing point; but it becomes lefs and lefs, even to a 
<< very dry fate, as that temperature rifes, though the product 
iS of evaporation, thereby increasing, continues to be at its dif- 
“ ferent maxima, correfpondent to the different temperatures.** 
This is a very important propofltion in hygrology; which, from 
my experiments, would not be fubjedt to any objection, if there 
were no other hygrofcopes than thofe 1 have mentioned above, of 
which I have thirteen different fpecies; but there is another 
clafs of fuch uifbruments, from which feme doubt might firft 
strife; and 1 come now to that point. 

On two diflinSt clajjh of hygrofcopes. 

31. As I fhall now frequently fpcak of flips and threads* 
which conftitute thofe two clajfes of hygrofcopes, I muff firft 
explain what I mean by thofe words. The ftps compofe the 
clafs of hygrofcopesvtkd in the above experiments; they confift 
of very thin and narrow lamina cut acrofs the fibres of vege¬ 
table or animal fubftances, either in their natural or artificial 
-htarSipi or-, by reducing natural; or' 'artificial, thin 
:;:th^fm.td; helices.: By threads 1.njefta the feltoe kinds' 
tesla#', ; theiy.befeg matt*- "■ 

rally m tfekfeftkead's* or by,reducing them, to that ilate. in 
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earing from them thin fafckuli of fibres ; which operation is 
eafy in fome, as hemp, whalebone, and gut, but very difficult in 
others, as quill and fome forts of wood. 

32. The firfl hygrofcopes of the clafs of threads, which I 
obferved comparatively to the clafs of fiips, were of hemp, gut, 
•whalebone, and fome woods, and they exhibited a phenome¬ 
non which at firft I could not underhand; when they were 
expofed with the fiips in damp air; as, for inftance, in open air 
during the fecond period of dew above determined, or in a 
glafs veflel inverted over water ; the threads had only very 
fmall motions backwards and forwards round their point deter¬ 
mined in water, while the fiips had considerable motions within 
that point, without coming near it, if the temperature was fen- 
fibly above freezing point. Thence arifes the objection againft 
the general propofition above hated ; for tliefe two claffes of 
hygrofcopes contradicting one another on the changes of moijlure, 
nothing could be aflerted in that refpeCt, till there were fuffi- 
cicnt rcafons to exclude one of thofe clafles of informers, and 
to truh the other clafs. 

33. Proceeding to multiply the fpccies of thofe two clafles 
of hygrofcopes , I found always the fame fundamental march in 
flips, all of them conhantly moving in the fame direction ; but 
in multiplying the fpecies of threads, 1 found fuch variety 
between them, that in their own clafs they created dihruh; 
fome of them, as of deal, aloes pitta, liber of lime tree, quill, 
and thin ferns efi gramen, in coming out of water, increafed in 
length : they went farther that way, to a certain point, as the 
air was dryer: they retrograded then with accelerated fteps, 
when drynefs increafed, thereby returning to the point where 
they had. flood in w affly and they continued to move in the 
km ’re}pgr t M{ 


wish great acceleration, by a flih in- 



22, Mr. De Luc on 

creating drynefs. Moreover, they did not follow one another 
in thofe motions contradictory to the evident march of moifiure: 
each of them changed direction at different periods, thereby 
often contradicting alfo each other, while the Jlips conftantly 
agreed together in the direction of their motion, and alfo with 
all the other fymptoms of moijlure. From thefe comparative 
phaenomena I firft concluded ; that the motions of the fame 
kind, which I had obferved in the firft- mentioned threads, were 
alfo anomalies, proceeding, only to a fmaller degree, from a caufe 
of the fame nature as that of thefe laft. After which, fimilar 
jfymptoms, which I had formerly obferved in the water thermo* 
meter near the freezing point , made me firjff conclude, from a 
general analogy ; that the perceivable modifications of the 
threads , were the compound effects of two contrary operations 
of moifiure which followed different laws. 

34, Another phasnomenon led me foon after to a more de¬ 
termined theory in refpeCt of thofe two oppofite effe&s of 
moifiure on threads . I have faid above, that hemp and gut have 
only a very little retrogradation ; their greateft difference from 
th e Jlips confiftiug in their being flationary , while the Jlips have 
iflill great motions. But when thefe fame threads are iwifled, 
tb# acquire a very ftnfible dmgathn beyond tl.clr point of 
extreme moifiure fucceeded by retrogradation. From feveral 
trials l have madein twifiing thefe threads more and more, I 
' dd ; 'fibtrcbn'fider as lb'poffible, if feme difficulties, which I 
only could' obviate in part, were completely prevented, that 
they might be brought to fuch a ftate, as to have their point of 
drynefs'Coinbide with that o( extreme moifiure\ by'Which 
' d^;i^e'.pfo^efs'of W^re^from ont extreme to the other, 

,one direaion with'^creafeg^s, then 
m the oppofite direction by increafinff .flees i th# whnk 
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with great irregularities. Here then we fee two oppojitc effr&s 
of moifture ; one which lengthens the fibres ; the other which, 
by fwelling the twified firings, fhortens them ; and we fee 
thofe effects follow different laws, from which is produced a 
retrogradation that we may change ad libitum. 

35. Now, the texture of animal and vegetable fibrous fub- 
ftances mull be a fort of reticle , which exifls in thofe which 
are naturally in thin threads , and in the moll minute fafcicali 
that we can feparate from a mafs; and we fee it in the lad cafe, 
for in fubdividing thofe fafciculi , there are always fibres break¬ 
ing in the points where they were anaftomofed with others; 
confequently, the primary fibres of thofe fubftances form be¬ 
tween them mefises limilar to thofe of a net; and thole mejhes, 
which are widened by the introduction of water , muft produce 
in the threads the fame effeCt as the twifi in the above firings. 

36. If then moifture , in adding on vegetable and animal 
threads , natural and artificial, produces on their length two op- 
polite effeSts ; one of which, fmall at firfl but increaling gra¬ 
dually, compenfates at fome period the other which is firfl 
vifible, and furpajfes it afterwards, fooner or later, according to 
the nature of the threads ; it is evident, that they cannot be 
proper for the hygrometer ; fince, from the indication of fbme 
of them it might fometimes be concluded, that moifture 
changes in one fenfe, while it really changes in the contrary 
fenfe; and from fome others, that moifture is extreme , long 
before it is really fo. As for th ejlips; fince moifture has only 
one effe& on their length , that of widening more or lefs the 
mejhes of the crofts fibres, I concludedthat all their hygro/copic 
indications, In every part of their fcale,. were true in refpedd of 
increafe and decreafie of moi/ture; and that confequently, that 
date of hygrojfc^es might be depended upon on that important* 

point. 
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point. As for the exact ratio between the indications of theft 
laft hygrojeopes , and the changes of nvujlure , that was to be the 
object of a particular inquiry, to which 1 now come. 


Of the fcale of the hygrometer Between the two fixed points. 

37. The long attention I had formerly given to the compa¬ 
rative expanfions by heal of various kinds of liquids and Jo lids t 
made me expert the variety l afterwards found in the mo¬ 
difications of hygrofcopic fubftauces by moifiure ; therefore, 
as I exprefled it in § 2. of my firft Paper, my view, was only 
at that time, to find fome means of producing a heady compara¬ 
ble hygrometer ; but afterwards I pointed out, in § 73, a means 
which had occurred to me, for attempting to find the ratio be¬ 
tween the expan fions of fome determined hygrofcopic fubfiance, 
and the correfpondent increafes of mo fare ; which was, to com¬ 
pare the firfi with the correfpondent changes of weight , of the 
fame or of any other fubftance; an idea which I did not then, 
much ferutinize, not yet thinking of its execution. 

38. Prom what I have find above, I did not want any other 
motive of choice between the ftps and the threads than their 
comparative marches; but though the ftps agree always in the 
direhion of their motions, there are differences in the progref- 
fion of their comparative fteps; and that difference led me to 
examine more attentively the above means of finding which of 
thofe marches agreed beft with that of moifiure v The refult of 
tbit examination was diftruft, at lead: in refpe<fi of an imme¬ 
diate decifive means. With the view of rendering the 'changes 
Off ^i$M' m%e eafily, meafurable, I had ' firfi thought; of ’’ fome 
fubfiance poffeffed of a firong affinity 
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fidering the hygrofcopic phenomena of thofe fubftances, it ap¬ 
peared to me, that their changes of weight could not be pro¬ 
portional to‘the degrees of moifiure in the medium; and that 
even the fenfe of the word moifiure applied to them was very 
difficult to determine (§ 14.). As for the fubftance of the 
hygrometer itfelf, 1 did not find any reafon to think, that its 
changes of weight could be more proportional to moifiure than 
its degrees of expanjion ; fince on thefe laft depended in part 
the quantity of •water that could be admitted into its pores at 
each degree of moifiure in the air. 

39. Being thus difappointed in my firft fcheme, I thought 
of a more diredt method, which was to adt on moifiure itfelf, 
by firft producing, in a glafs veffel containing an bygr of cope, as 
much drynefs as I could conceive poffible at that time, and 
then introducing into it fucceffive equal quantities of water , 
for which I had found a fure means without opening the veffel. 
But then again fome previous experiments deftroyed my confi¬ 
dence in that method; having found,—ift, That the evapo¬ 
rated water had a tendency to depofit itfelf againft the glafs 
by the fmalleft difference between the infide and outfide tem¬ 
peratures, even to the degree of becoming vifible on fome part 
of the veflel, long before I had any reafon to expedt extreme 
moifiure. —2d, That by the common temperature of my room, 
the hygrofeope in the veffel remained always at a confiderable 
efiftance from its point of extreme moifiure , though the bottom 
of the veffel was covered with water ; and that it varied with 
the temperature ; which could not have happened if moifiure 
Bad been extreme ,—3d, That when I endeavoured to increafc 
moifiure in the veflel by cooling it, I produced very often the 
contrary effeft, at the fame time that a quantity of the diffemi- 
natedl water gathered over the glafs, 

V01. LXXX1. E 
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40, As in thofe trials the contradiction between the marches 
of the flips and the threads was very evident, I was the more 
difappointed to find, that the uncertainty of the real degrees 
of moiflure increafed at that very period : for inftance, fetting 
out from fome dry point, and moiflure increafing, the march of 
a thread of whalebone was evidently in a decreafing progreffion, 
comparatively to that of z flip of the fame fubfhnce; and when 
at laft there was a fuperfluous quantity of water in the vefiel, 
and the temperature was made to change, the thread was 
almoft flationary , while the flip'had confiderable motions, 
often contrary to the fmall motions of the other; while it was 
at that very period, that the real degrees of moiflure in the 
vefiel could not have been afcertained but by an already fettled 
hygrometer. I had no doubt that thofe anomalies were to be 
attributed to the thread of whalebone, not only becaufe of the 
excefs of the fame modification in other threads ; but alfo con- 
fidering the analogy between the comparative marches of the 
two kinds of hygrofcopes , and thofe of the thermometers , of 
neater and quickflher: but as this was a very important ob- 
jed for ,natural philofophy, I would not decide it from thofe 
firft appearances; and that confideration led me to a very gr$at 
number of various fofts of experiments, which I made in view 
of multiplying at leaf! -the indired fads with which my theory 
might be compared. However, as at laft 1 found a more dired 
means of verification, I fhall only mention that laft clafs of 
experiments. 
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Experiments on the comparative changes of weight and dimen- 
fions of fame hygrofcopic fubftances. 

41. I have faid above, that I could not find any folid reafou 
to confider the changes in weight of a fubftance, as being 
more proportional, than its changes in dimenfions , to the cor- 
relpondent changes of moiflure in the medium ; which doubt had 
prevented me from undertaking that courfe of experiments. 
But it occurred to me at laft, that if my theory on the compa¬ 
rative marches of the flips and the threads were true, it might 
be rendered certain by compai mg thofc marches with the increafe 
of weight of the fame fubftance: for inftance, taking a ftp and 
a thread of deal , and having fome deal hung to a fcale, I was to 
find, that while the fip continues to lengthen, and the thread 
to fihorten, the fubftances continue to receive water; and, 
in general, that the march of ftps, in every part of their fcale 
on which the experiment may be regular, was more proportional, 
than that of threads , to the correfpondent changes in weight of 
every hygrofcopic fubftance of the elaftic kind. 

42. This having ftruck me as a fure means of deciding the 
queftion, 1 fet immediately to work; and fince that time I 
have made a great uumber of experiments of that kind. They 
were not at firft very accurate; but fucceffively I have mended 
both the inftruments and the apparatus; and,after having fettled 
every part that I looked upon as effential, and made in confe- 
quence a new apparatus and new inftruments, I have begun a 
regular courfe of experiments, of which I ftiall give here the 
firft refults. 

43. The apparatus confifts in two tin veflels; the firft of 
which, and the moft ufed, is i6f inches high, tgi wide, and 
5 deep. The front of this veffel is a plate of glafs, and the 
back a tin-plat? Jlider y which, being taken off, leaves that 
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of the veflll quite open. 'I’he fecund veflll has the fame dt- 
menfions as the fiift; but its back is fbldercd, and its font is 
of woven brafs wiic. This veil'd may be applied to the back 
of the foimcr, in fuch mutner as to make of both one fingle 
vtfld, which, when the Jhchr of the foie-pait is taken oft", is 
only divided by a veitical putition of woven brafs wire. The 
ufe of tint found vcfld is to pioduce extreme dry fiefs in the 
other; for which pui polk it is filled with large pieces of quick - 
Unit taken hum the kiln. When that vcflU is not ufed,it is kept 
in a tin box which it fills intiiely; and when it is in, as well as 
while it is out for ufe, that box is kept (hut with putty, by 
which means the fame lime may ferve many times in the fol¬ 
lowing manner. 

44. When I want to produce extreme drynefs in the flirt 
vefl'cl, 1 apply to it the fecond, fattened with hooks; I then 
pull out the fhder of the firft, and flop with putty the chinks 
between them. When that firft operation is completed, I put 
again th esfiider to the fore*veflel, and take off the other. In 
this laft operation, fume moifiure might be introduced through 
the chinks of the Aider, before they aie again flopped with putty; 
efpecially as the deftruaion of moijiw e in the vefill hns made 
room for more air to come in; but I prevent it by making fit ft 
the apparatus fenfibly warmer than it was when I put on the 
lime-veflei; by which means, in the little time employed for 
the operation, the motion of the air is from the iiifide to 
the outfide, which prevents all accefs of mo'fiure in the vert'd. 

45. To that firft operation fucceeds that of a gradual intro¬ 
duction of moi/ime into the appaiatus. It would have been 
ufelefs to apply to that procefs the means I had imagined, for 
fpreading fucceftive equal quantities of water in a clofe veflel j 
for the tya#om«d mier deposing itfelf in part, more or left, 
ftO evdry furface, and the furfaces, efpecially of glafs v being 
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very much multiplied in that apparatus when filled with in- 
ftruments, no real correfpondence could be expeded between 
the quantity of evaporated water and the - motion of the 
inftruments; therefore I again gave up the view of determining 
that ratio, and proceeded in the following manner. At the 
bottom of the apparatus, on one of its fides, there is an open¬ 
ing, i an inch high, and 2! inches broad, which ufually is 
kept fhut with a tin plate and putty. The taking off, only 
for a moment, that tin plate, is the firft operation by which I 
introduce motjiure into the apparatus; which being then reduced 
to the temperature at which 1 make all my obfervations, namely, 
6o° of Fahrenheit, permits the external air to enter the veiTel, 
and come to an equilibrium with it at the fame temperature. By 
keeping off the tin plate longer and longer, I admit new quan» 
titles of moifturc into the veffel; and when that means is become 
ineffedual, I introduce through the fame opening, a brafs 
frame, which extends under all the inftruments, on which is 
Wretched a cloth that I wet by degrees more and more, as long 
as it may produce fome efted at the above temperature, in 
order to have that temperature when I want it, I make thofc 
experiments in a feafon when 1 may have fire in a ftove at a 
proper diftance from the apparatus. Tire time when that 
equal temperature is neceflary in many refpeds, is that of the 
obfervations, which 1 make twelve hours after each new intro- 
dudion of mi/lure. 

46. The inftruments I place in that apparatus are of two kinds; 
the firft of which are beams , made on the principle ufed by Mr. 
John Coventry in his paper hygrometer , which principle I have 
found of great ufe; for, with beams of that fort, as delicate as 
mine are, if the total .change of weight in au experiment is 
not above 1 grain, partof it may beidiftinddy: obferyed 
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ia which the total variation was from 5 to 6 grains, the ob- 
fervable part was only .fl ;T part of a grain. Thefe two beams 
,are placed on the fame line through the middle of the depth of 
the veftel, and their indices move in that plane; their motions 
.are in an oppofite fenfe by the fame changes of weight, be- 
,,caufe I wanted the two fubftances fufpended to the beams , to 
•hang near one' another in the middle of the vefl'el. The other 
inftruments are frames , in which an index is moved by the 
variations in length of a very thin flip or thread. Thele frames 
are placed before and behind the beams. 

47. In the firft experiment that I made with that appa¬ 
ratus, the fubftances fufpended to the beams were deal and 
•quill, reduced to very thin fsavings, which were ftretched 
edgewife in thin brafs-wire frames. The weight of each kind 
of thefe fljavings was 12 grains, at a certain degree of the ther¬ 
mometer and of my hygrometer. The other hygrefcopes were 
flips and threads of the fame fubftances as the pavings, and 
alfo of whalebone. Thefe fix laft inftruments have their point 
iof extreme drynefs taken in my lime-veffel , and their point of ex¬ 
treme moiflure in water; the interval between thefe points is 
■divided into ico parts; and on the feales of the threads the 
degrees are prolonged beyond this laft; point. The hygrofcopic 
fcale *of the Jbavings could not be fixed before the operation 5 
therefore the feales of the beams ferved only to indicate the 
comparative motions of the index ; but afterwards, taking for 
o, the point where the index flood by extreme drynefs, and for 
100, the point of extreme moiflure , which I fhall explain, the 
interval between thefe two points became a modulum by which 
reduced into 100 parts of thtwhole the changes 
v : pavings* 1 ftiall not.give here 
;/, : *h0■ either of the changes'' 'of ; weight, ■ or 
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of thofe in length of the other hygrofcopes , having not had 
time to make the neceffary calculations, of which however I 
have the data. 

48. The neceffary time for a complete diffufion of the newly 
introduced moijlure in the veffel renders it impoffible to proceed, 
in that introduction, by regular fteps. The method I ufe is, 
to obferve the motion of my ufual hygrometer , which is a Jlip of 
whalebone, and to remove the caufe of increafe of moijlure be¬ 
fore it has moved 5 degrees. In that manner the fteps of the 
increafing moijture have been in general lefs than 5 degrees of 
that inftrument; but, by interpolation, I have reduced them' 
to what they would have been if the fame inftrument had* 
been moved fucceffively 5 degrees. 

49. I have faid before, that when the maximum of evapora¬ 
tion is produced in a dole veflel by a temperature fenfibly 
above the freezing point , there is no regularity to be expe&ed in 
any farther attempt to increafe moifture ; the diffeminated 
•water being then abundant, the fmalleft difference of tempe¬ 
rature between different parts of the apparatus makes it depofit 
itfelf on fome furtace, and pafs from one to the other (§ 39.);, 
which circumftance is alfo mentioned by Profeffor Picte r of 
Geneva, in his late work, Efais de Phyjique. For that rea- • 
fon, when the evaporated water in the veffel was near its maxi¬ 
mum, my laft operation was, to put in again the wet cloth, while 
I kept the temperature at 60% and to take it out when the indices . 
of the beams were fixed. My ulual hygrometer was then at 
87°; and as it had ftill 13 degrees to move towards its point of; 
extreme moifture, and all the others in proportion of their known 
marches , I have added to the obferved increafes of weight in > 
the JbdvkgSf a quantity proportional to their former marches 

a comparatively- 
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comparatively to that of tluir ivfn *divc ./ ipi ; ami thus are 
completed their /ny rofcopic Jcales. Kepeated trials have fhewn 
me, that I ho weight of the JI> iv.’ng i increal’es as loti" as their 
flips incicafo in length’, hut at tiure is no rcgulaiity in their 
comparative marches at that peiiod of moiflure in a veil'd, nor any 
pofTibility of making thele experiments in open air, becaufe of 
the beams; the addition mentioned, which forms the three lull 
terms of ihc columns of the (havings in the following table, is 
to be confidcred only as having determined the motlulum of the 
c/ferved terms; fince it has not changed the ratio between them, 
nor confcquently the corrcfpondcnt marches of weight and 
length {b far; which were the only objcdt of the experiment. 

50. Before 1 come to the general refult of that experiment, 
I ihall place here a comparative view of the two kinds of phtr- 
nomcna, which, by their analogy, led me firfl to the theory I 
have expofed : I mean the comparative marches of the flip and 
thread of ‘whalebone on one fide, and thofe of the thermofeopes 
of (juickfdvcr and water on the other fide. In this table the 
corrcfpondcnt terms of the bygnf copes, from 0 of both to 85 of 
the flip, have been obferved in the above expeiinocnt; the four 
following are the rcfults of ohforvations in time of increafing 
dew. Tiie corrcfpondcnt terms of the thermofeopes are deduced 
from the table of their comparative expansions which I have 
given in § 418. m. of my work, Rech.fur les Mad, de l'Alma- 
Sphere ; from which table this only differs, iff, by a change 
of the modulum, in the ratio of 80 to too; 2d, by an inver¬ 
sion, which brings the terms of this tabic to exprefs compara¬ 
tive cmdenfatwns of the two liquids* 
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ffVGROSCOPES. 
Whalebone 
Slip, 


Thermoscopes. 

Quick lilver. Water. 


Extreme o 

5 

io 

*5 

20 

25 

3 ° 

35 

40 

45 

50 

55 

60 

65 

70 

. 75 

Bo 

85 

90 

95 

Extreme 100 


Whalebone 

Thread, 

0,0 drynefs. 

12.1 

3°, 1 

4M 

5 J s r 

59»* 

65/) 

71.1 

76.5 

81.8 

85.8 

88.8 

9 r >3 

93’3 

95*6 

97> 6 

98.6 

99.6 
100,1 
100,5 

100. moijlure. 


Boiling o 

5 

10 

15 

20 

2 5 

3° 

35 

40 

45 

5° 

55 

60 

65 

70 

75 

80 

85 

90 

95 

Freezing 100 


0,0 point, 
9>3 

18.3 

26.3 

35 >° 

42.7 

49 5 ^ 

5 6 >7 

63,1 

69,0 

74.5 

79 ^ 

83.8 

87.9 

9*> 8 

95 »o 

97»S 

98.9 

99>9 

100.5 

100. 


51, The firft part of that table (hews, the great Heps of the 
thread of whalebone , comparatively with thofe of thejlip of the 
fame fubftance, at the beginning of their correfpondent increafe 
in length; but the thread relents by degrees, and a nearly Jta- 
tionary ftate fucceeds, in which, while this hygrofeape moves 
firft 1,9 degree from 98,6 to 100,5, then retrogrades 0,5 
Vol. LXXXI. F degree 
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degree to come to its point of extreme mcdjlure*, the flip, con¬ 
tinuing to move in the former direfilion, goes over to degrees. 
The phenomena are the fame in the part of the tabic relating 
to the thermofeopes ; that of water proceeds alfo at fir ft by great 
fteps, comparatively to that of quick/ilver ; after which it relents, 
and while it moves only 3 degrees, and retrogrades 0,5 degree 
to come to th e, freezing point , the quichJUver one, continuing to 
move in the fame direction, goes over to degrees. It was 
from that phrenomenon of the water thermofeope that I con¬ 
cluded formerly, that there was in its march a Jlationary ftate, 
during which the heat decreafed nearly as indicated by the 
quickjilver one; and that conclufion was afterwards confirmed 
by direct experiments. From that afeertained fail, I was led 
to conclude, with refpedft to moifture, that there was alfo a 
Jiationary ftate in the march of hygrofcopic threads, even in 
thofe which had the fmalleft rcirog rad at ion, as that of whale¬ 
bone; and this theory will be confirmed by the refults of the 
abovc*defcribed experiment. 

52. The following table contains thofe refults, namely, the 
correfpondent marches of all the mentioned hygrojeopn ; tin 
jhavings incruafing in weight, and th a Jlips and threads in length. 
The 3 laft comparative terms do not icfult from that particular 
experiment; for the Jhavings (as I have faid above) they are 
concluded from the former comparative fteps; for the other iu- 
ffruments, they have been obtained by obfervations in the 
open damp air. 
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Whalebone. Quill. Deal. 



Slip. 

Tin cad, 

Shavings* Slip. 

Thread. 

Shavings. Slip, 

Thr. 

Extr. 

0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 


5 

12,1 

7 >° 

4,8 

40,0 

6,2 

5,4 

42,0 


10 

30,1 

* 3 >° 

9,7 

72,0 

9,4 

11,2 

69,4 


*5 


20,0 

14,4 

85,0 

15,6 

16,5 

94,8 

, 

20 

51,1 

26,0 

19,2 

95 ,° 

22,6 

21,9 

107,0 


25 

59 >* 

3 l >° 

23,9 

101,0 

27,0 

2 7 3 2 

113,6 


3 ° 

65,6 

3 6 ,° 

28,5 

105,0 

33 > 2 

32,7 

118,6 


35 

71,X 

4-2,0 

33 >3 

107,0 

36,0 

38,3 

122,6 


40 

76,5 

43,8 

38,3 

102,0 

41,2 

43*7 

120,6 


4$ 

81,8 

48,3 

42,9 

104,0 

46,7 

49,2 

123,6 


SO 

85,8 

52,3 

47,4 

107,0 

49,7 

54 > 6 

126,6 


55 

88,8 

56,5 

52,4 

103,0 

56,1 

59,9 

119,7 


60 

9 M 

60,5 

5 6 ,9 

105,0 

59>9 

64,9 

122,7 


65 

93,3 

6 4,4 

61,9 

106,0 

63,7 

69,7 

119,7 


7 o 

95 , 6 

69,4 

67,2 

108,0 

67,X 

74,5 

117,6 


75 

97 , 6 

74 ,o 

72,2 

107,0 

73,4 

79,0 

115,6 


80 

98,6 

78,0 

77,8 

106,0 

78,1 

83,5 

1X2,6 


85 

99,6 

84,0 

82,8 

105,0 

83,8 

87,5 

110,0 


90 

100,1 

* 88,0 

88,2 

103,6 

4 88,8 

9 2 »° 

107,0 


95 

100,5 

A 94,0 

94 >° 

102,0 

* 93,8 

96,0 

103,6 

Extr* molft* 

100 

100. 

* xoo. 

xoo* 

xoo. 

* TOO. 

ICO. 

xoo. 


From the iB flrft terms of that table, which are the imme¬ 
diate refults of the experiment, we are now to examine my 
■opinion, that the lengthening of the flips of whalebone , quill , 
and deal , beyond thefe terms is a fure fign that, till they have 
attained their point roo, moiflure continues to increafe in the 
medium where they are placed. 

53. There could not be any doubt on that propofition, if it 
were not for fome threads fimilar to that of whalebone ; which 
threads , having fenfiblv attained their utrnoft length at the 
period when the experiment was flopped* fcem to indicate* that 

F 2 moiflure 
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inoifture is then at its maximum. But if the lengthening of 
hygrofcopic threads in general, is the compound effeft of two 
oppofite caufes which follow different laws; it may be that, 
in fome threads, thofe caufes happen to compenfate each other 
at that very period ; by which means they are ftationary , though 
moifiure continues to increafe. This was my opinion, and the 
above experiments were undertaken to verify it, firft, by com¬ 
paring the march of the Jlips with the increafe in weight of their 
own fubfiance; fecondiy, by comparing the marches of different 
kinds of threads with each other, and alfo with the increafe in 
weight of their fubftance : and from that now we are to exa¬ 
mine the above propofition. 

54. In refpeft of the Jlips my theory is, that as moijture 
cannot aft on their length but by widening the mejhes of their 
tranfverfal fibres , they cannot go on lengthening but by im¬ 
bibing more and more moifture , from its increafe in the air; 
and this we fee to be the cafe, by comparing the marches of 
the three kinds of Jlips with the correfpondent iucreafes in 
•weight of the quill and deal (havings, during the whole pro- 
grefs of the experiment. There are differences in thofe marches 
as I expefted (§ 37.); but they are not fuch as to give the 
fmalleft reafon to fufpeft, that afterwards, during the period 
of the three Lift terms of the tabic, in which we have no cor¬ 
refpondent obfervations of increafes of weight in the Jhavings 
of deal and quill , the fame law docs not take place as in the 
17 antecedent terms. If the experiment was only made with 
one kind of Jlip, it might be objefted, that though that flip 
lengthens regularly during the whole increafe of moijture from 
its minimum to its fuppofed maximum^ it is not impoffible but 
that immediately after, by fome peculiarity of its nature, it 
will lengthen, without any farther increafe of moifture in the 

medium,. 
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medium. But that furmife cannot be admitted when the jlips of 
fuch diffimilar fubftances as whalebone, quill , and deal , fenfibly 
agree in their motions at that period, and when a number of other 
Jlips of the vegetable and animal kinds follow alfo the fame 
general march * 

55. In relpedt of the threads 9 which are the only caofe of 
the above doubt, my theory, which removes it, is alfo con¬ 
firmed by that experiment. That caufe of doubt is exemplified 
rn the tabic by the thread of ■whalebone, which has atmoft no 
motion, while its Jlip moves from 85 to 100. At that period 
of moifture, no regularity can be expeded from experiments 
made in clofe vejfels ; by which circumftance, not having the 
correfpondent obfervations of weights , it cannot be demon- 
rated by immediate experiments, that the thread of whale¬ 
bone is then ftationary from its nature; but the threads of 
quill and deal, which are in that ftate during the regular courfe 
of the experiment, will guide us in that enquiry. The thread 
of quill is Jialionary during that great part of the obferved in- 
creafe of nmjlure , by which the thread of whalebone moves 
from 71 to 97,6: the thread of deal is alfo ftationary, while 
the fame thread moves from 71 to 91,3. They both after¬ 
wards retrograde ; the quill from 107 to 100, and the deal 
from 122,6 alfo to 100; and it is during the latter part of that 
retrogradation, correfpondent to a continued direct motion of 
the Jlips, that the thread of whalebone , and fome more of its 
elafs, after a very decreafng march comparatively with all the 
Jlips, are at la ft ftationary, and then a little retrograde. In that 
Jlationary ftate of the threads, while moifture proceeds in the 
fame dire&ion, they move backwards and forwards, more or 
lefs, according to the duration of that ftate, and to the quan¬ 
tity of the retrogradation. This may be feen by the table, in 
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rd'pcd of the thread of deal and quill ; and I have obfervcd it 
conftantly, in a fmaller proportion, in all the threads which 
have their Jiationary ftate at the la ft period of moijiure , with 
this particular circumftance in all thofe motions backwards and 
forwards, that they are never the fame in two different experi¬ 
ments. That lymptom already points out a complication of 
mules; but wc fhall foon fee a more diilinct pioof of their 
txi dunce. 

56. My theory on the march of hygrofcopic threads is 
founded on this general principle, that a retrograde effedt, how 
fmall Ibcver it may be, if it is not produced by a correfpon- 
dent change in the caufe itfelf, is preceded by a Jiationary ftate, 
during which, and the retrogradation , the intcnlity of the 
caufe continues to her cafe : and this alfo is exemplified in the 
experiment. The Jiationary ftate of the thread of deal begins, 
when its pavings have only imbibed from the air a quantity 
of water — 36 ; it is ftill at the fame point when the quantity of 
imbibed water has increafed to 59,9 ; and in the part of its 
retrogradation, which is ftill contained in the regular courfe of 
the experiment, that quantity of imbibed water incrcafes to 
88 ,8. The fame, with only feme differences in the degree, Is 
feen in the thread of quill ; therefore, as wc fee alfo fome, 
though a very fmall, retrogradation in the thread of whalebone , 
as well as in other threads of the fame clajs , we have reafon to 
conclude, that their apparent immobility before they come to 
that point, while th etjlips continue to move, is alfo a Jiationary 
ftate, during which they continue to receive water, by the 
increafe of moijlure in the air. 

57, The experiments I have now analyfed are only one fet 
amongft others which, though made with lefs accuracy, have 
given the fame general refults. Thefe, relating to various 

1 kinds 
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kinds of fubftances, I intend to repeat, and to have the honour 
of communicating their refults to the Royal Society; and I 
{hall conclude this Paper, with an immediate demonftration, 
that the hygrofcopic motions of the flips are Ample, while thofe 
of the threads are the combined effects of two oppofite caufes ; 
which will be a further confirmation of the whole of the 
above theory. 


On the recoil of hygrofcopic threads. 

58. When formerly I concluded from the phenomena of 
the water thermofcope , that its condenfations were the combined 
effects of two oppofite caufes, which followed different laws, 
it was not for having diftinguifhcd thofe two effe&s; hut only 
becaule of A fmali retrogradatlon near the freezing point, preceded 
by a flationary (late, comparatively with the march of quickfllver ; 
but in the cafe of hygrofcopic threads and flips , in which we 
have the fame phenomenon, the two oppofite effects are diftin- 
gui(liable in the threads , by one being operated more rapidly 
than the other. If, for in (lance, I tranfport from a drier to a 
damper place (or inverfely) the two kinds of quill hygrofeopes, 
the flip proceeds in an even courfe to a certain point, where it 
remains fixed \ but the thread moves in an interrupted manner 
alfo to a certain point, whence it recoils. If that experiment 
is made within the limits of the jtaiionsny (late of the thread, 
it may recoil as much as it lias gone the other way, and be 
fixed at the fame point in both places. The cafe of the ‘flip of 
quill is- common to every flip , and that of its thread to all others 
which have a quick motion. Fie re then we have feparately the hex? 
effects of maiflure on the threads ; that on the fibres themfelves 
is the fotmefl produced, and at fit ft predominates: the flmifl » 

by 
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try which after wauls the fir ft produced is more or lefs com* 
penfated , is that operated on the width of the meflhes ; and it is 
becaufe the laft of thofe effects is the only one that can afTcft 
the length of the flips, that, in every change of moiflure , they 
move evenly , without any recoil. 

59. To that demonftration of the exiftcnce of two oppofite 
fleets of moiflure in the threads, I fin a 11 now only add an exam¬ 
ple of a fimilar phenomenon, in which the caufles alfo are 
vifiblc. The compound frames , mentioned in § 24. are formed 
of two glafls rods 4 feet long, fixed together at the bottom and 
the top. A thin flip of brafls of determined length, fixed to 
one of the glnfs rods towards the top, comes down from thence, 
pafifes over a pulley at the bottom, and turns up for half an 
inch. To this end of the brafls flip is fixed the lower end of 
the hygrofcopic fubftance, the upper end of which is conne&cd 
with the index of the inftrument. It is by that means that, 
whatever be the changes of heat , provided they are flow, the 
lower end of the hygrofcopic fubftance remains fenfibly at the 
lame Hiftancc from the axis. But if I take that inftrument out 
of water at a low temperature, and plunge it immediately into 
warmer water, the index inftantly moves as If the hygrofcopic 
fubftance had lengthened ; which is the efl'eSl of the brafls flip 
dilating fooner than the glafls rods; then the index recoils, and 
this is the efl'eSl of z flower dilatation of the glafls. 

Conclufion. 

60. I have concentrated in thefe pages an account of twenty- 
years affiduous labour In hygrometry , moftly occasioned by the 
anomalies of the hygrofcopic threads ; and the principal refults 
have been, fome determinations of the four principles that 

directed 
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directed me from 'the beginning, which now are as follows. 

1 ft, Fire, as caufe of heat , is a lure, and the only fure, means 
of obtaining extreme d/ynejs : this is produced by white heat in 
every hygrofcopic fubfhnce that can bear it; audit may be thus 
tranfmitted to the hygrometer. 2d, Water, in its liquid Hate, 
is a furc, and the only fure, means of determining the point of 
extreme moijiure on that inftrument. 3d, It is not to be expected, 
a prioii , of any hygrofcopic fubftance, that its changes be pro¬ 
portional to thofe of moiflure ; but it may be affirmed, that 
no fibrous or vafcular fubftance, taken lengthwife , is proper for 
the hygrometer. 4th, A means of throwing light on the march 
of a chofen hygrometer, may be, to compare it with the cor- 
refpondent changes in weight of many hygrofcopic fubftances. 

61. From thole determinations in lygrometry fome great 
points are already attained in hygeology, meteorology , and che- 
mifiry, of which I fhall only indicate the mod important, ift. 
In the phenomenon of dew, the graft often begins to be wet 
when the air , a little above it, is Hill in a middle Hate of 
moifturc ; and extreme moijiure is only certain in that air , when 
every folid expofed to it is wet (§ 2?.). 2d, The maximum of 

evaporation in a clofe fpacc, is far from identical with the maxi¬ 
mum of moiflure ; this depending confidcrably, though with the 
couflant exiftence of the other, cm the temperature common to 
the [pace and to the water that evaporates (§ 30.). 3d, The 

cafe of extreme moiflure exifting in the open tranfpareut air, in 
the day, even in time of rain, is extremely rare: I have oh- 
ferved it only once, the temperature being 39°. 4th, The air 
is dryer and dryer as we aicend in the atmofphere; fo that in 
the upper attainable regions, it is conftantly very dry, except in 
the clouds. This is a fad certified by M. de Sauss cue's ob- 
fervations and mine. 5th, If the whole atmofphere pafled 
Vol.LXXXI. g from 
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from extreme drynefs to extreme moifture* the quantity of water 
thus evaporated would not raife the bin ometer as much as half 
an inch. 6th, Laft’y, in chemical operations on airs, the 
greateft quantify of evaporated water that may be fuppofed in 
them at the common temperature of the atmofphere, even if 
they were at ext rune moijiu) e, is not fo much as T ' ro - part of 
their mafs. Thcfe two Lift very important proportions, have 
been demonftrated by M. de Saussure. 
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II. On the ProduBion of Ambergris, A Communication from the 
Committee of Council appointedfor the Confideration of all Mat~ 
ters relating to Trade and Foreign Plantations ; with a prefatory 
Letter from William Fawkener, Efq. to Sir Jofeph Banks, 
Bart. P, R. S. 


Read January 20, 1791. 

TO SIR JOSEPH BANKS, BART. 

Office of Committee of Privy Council for 
Trade, Whitehall, 15th January, 1791. 

S I R, 

L ORD Hawkesbury, Prefidentof the Committee of Privy 
Council appointed for the Confideration of all Matters 
relating to Trade and Foreign Plantations, having received a 
Letter from Mr. Champion, a principal Merchant concerned 
in the Southern Whale Fifhery, informing him, that a fhip 
belonging to him had lately arrived from the faid fifhery, 
which had brought home 362 ounces of ambergris, found by Mr. 
Coffin, captain of the faid fhip, in the body of a female fper- 
maceti whale, taken on the Coaft of Guinea; his Lordfhip 
thought fit to defire Captain Coffin, as well as Mr. Cham¬ 
pion, to attend the Lords of the Committee, that they might 
be examined concerning all the circumftances of the fa£t before 
mentioned; and I am dire&ed by their Lordfhips to tranfiriit 

G 2 to 
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to you a copy of the examination of thefe two gentlemen, 
that you may communicate the fame to the Royal Society, if 
you fhould think that any of the circumftanccs, fated in this 
examination, will contribute to remove the doubts hitherto 
entertained concerning the natural hiftory and product ion of 
this valuable drug. 1 fend you alfo a piece of the ambergris 
fo taken out of the whale, and feme of the bills of the fifh 
called Squids (which arc fuppofed to be the food of fperrna- 
ccti whaks), and which were found partly in the ambergris 
taken from this female whale, and partly on the outfide of it* 
and adhering to it. 

I have the honour to be, &c, 

W. FAWKENER. 


At the Council Chamber, Whitehall, the 12th January, 1791. 

By the right honourable the Louis of the Com¬ 
mittee of Council appointed for the Confidera- 
tion of all Matters relating to Trade and Fo¬ 
reign Plantations. 

READ—Letter from Mr. Alexander Champion, a prin¬ 
cipal merchant concerned in the Southern Whale Fifhery, to 
Lord Hawxesbury, dated the 2d infant, acquainting his 
Lord flip, that Captain Joshua Coffin, of the flip The 
1 ord HawkHfbury, is lately arrived from the Southern Whale 
Fifhery; and that the faid flip, befkles a cargo of 76 tons of 
fpemaceti oil and head-matter, has brought home about ^60 

ounces 
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ounces of ambergris, which the faid captain took out of the 
body of a female fpermaceti whale on the Coaft of Guinea. 

Melf. Champion and Coffin attending, were then called 
in, and the following queftions were put to Mr. 
Coffin, viz. 

Q. Have any of the whales, taken before by {hips failing from 
Great-Britain, to your knowledge, contained any ambergris ? 

A. None, that ever I heard of. The American {hips have, 
at times, found fome. 

Q. Was the ambergris, found by you, in a bull or cow 
fhh? 

A. It was found in a cow fifh. 

Q. Is it ufual to look for ambergris in whales that are 
killed? 

A. It has not hitherto been much the practice to do fo. 

Q. How happened it that you difcovered this ? 

A. We faw it come out of the fundament of the whale; 
as we were cutting the blubber, a piece of it fwam upon the 
ftirface of the fea. 

Q. In what part of the whale did you find the remainder ? 

A. Some more was in the lame paffage, and the reft was 
contained in a bag a little below the palfage, and communi¬ 
cating with it. 

Q. Did the whale appear to be in health ? 

A. No; {he did not. t>he feemed fickly, had no flelh upon, 
her bones, and was very old, as appears by the teeth, two of 
which I have. Though Ihe was about thirty-five feet long, 
{he did not produce above one ton and a half of oil. A fi£h of 
the fame fize, in good health, would have produced two tons 
and a hal£ 
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Q. Have you obfervcd the food that whales generally feed 
upon ? 

A. The fpermaceti whale feeds, as I believe, almoft wholly 
upon a filh called Squids. I have often feen a whale, 
when dying, bring up a quantity of fquid, fometimes whole, 
and fometimes pieces of it. The bills of the fquid (fome of 
which Mr. Coffin produced) were found, fome in the infide, 
and fome on the outfide of the ambergiis, flicking to it. 

Q. Did you ever find any ambergris floating on the fea ? 

A. I never did, but others frequently have. 

Q. How long have you been engaged in the whale fifhery ? 

A♦ It is about fixteen years fince I firft entered into it. 

Q. What is the general proportion of bull and cow whales 
you have met with ? 

A. 1 believe the proportion to be nearly equal. In my laft 
voyage, however, I found only four bulls out of thirty-five 
whales. I fifhed upon the Coaft of Africa between five North 
and feven South degrees of Latitude. I am inclined to think, 
that the cow whale goes to calve in the low latitudes, which 
accounts for more cows being found in thofe latitudes. 

Q. Is there any particular feafon when the cow whales 
calve ? 

A. I do not know that there is. 

Q. Does the bull or cow whale, in proportion to their fizc, 
produce moft oil ? 

A. The cow whale, when big with calf, produces more oil 
than a'bull whale of the fame fize; when fuckling, {he pro¬ 
duces lefs. 

< 2 ^ Are the whales ufuatly found fingly, or in pairs ? or ia 
larger numbers ? 

4 A* 
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A. Ufuajly in large numbers, which we call Scools, and 
particularly in the low latitudes. I have feen from fifteen t<? 
perhaps a thoufand together. 

Q^Have you any further information on this fubjeCt to 
give the Committee ? 

A. We have generally obferved, that the fpermaceti whale, 
when ftruck, voids her excrement; if fhe does not, we con¬ 
jecture that fhe has ambergris in her. I think ambergris molt 
likely to be found in a iickly fifh; for I confider it to be the 
caufe or the effeCt of fome diforder. 


Queftioiis put to Mr. Champion. 

Q. At what pripe does ambergris ufually fell; and at what 
price did that, taken by your (hip, fell ? 

A. A fmall quantity had lately fold at 2$s. per ounce; but 
it was then very fcarce. Mine fold for 19J. yd. per ounce. 
The whole quantity, found in this whale, was 362 ounces 
Troy. The people who bought it told me, this was a larger 
quantity than was ever before brought at once to market. It 
has been generally fold at about 4 or 5 pounds at a time. 

Q. For the ufe of what country was this ambergris bought ? 

A. I do not exadly know. It was bought by a broker, 
who told me, that his principal, who purchafed about one 
half, bought it for exportation to Turkey, Germany, and’ 
France. The other half was purchafed by the druggifts in 
town. 
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III. Obfervations on the Affinity between Bafaltes and Granite. 
By Thomas Beddoes, M. D .; communicated by Sir Jofeph 
Banks, Bart, P. R. S. 


Read January 27, tygt, 

A LL our opinions on the formation, of rocks and mountains, 
except volcanic mountains, mu ft of neceffity reft upon 
analogical reafoning, fince we have no diredt teftimony concerning 
their origin. Hence, whatever portion of the mineral kingdom 
is but little conuedted with our experience of the adtion of lire or 
water, muft be {lightly paffed over, or fet afide for future invefti- 
gation, while the partisans of the two oppofite hypothefes, 
which at prefent divide the philofophical obfervers of foflils, fix 
their whole attention, and lay all the ftrefs of their arguments, 
on fuch particulars as they are able to conned! by fome ana¬ 
logy with the chemical operations in which either fire or wa¬ 
ter are principally concerned. For this reafon, bafaltes has been 
much more the fubjedt of deputation than granite; the former 
fpecies of rock offering appearances that coincide in fome degree 
with both kinds of chemical procefles, while the latter feems 
to ftand aloof from the experiments that have given birth to 
our fciences. We do, indeed, find opinions on the produdtion 
of granite by one or other of the caufes above mentioned ; but 
they are generally * loofe conjectures, thrown out at random, 
rather than philofophical propofitxous, laid down in precife 

* The only exceptions known to me are, Phil. Tranf. Vol. LXV. p. 5—47. 
and Edinburgh Tranfa&ions, Vol. I. p. 255—257. 

5 terms, 
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terms, and fupported by proper evidence. In confequence of 
Information obtained from various fources, I have been led to 
confkler this queftion in a light fomevvhat new ; and although 
3 cannot but expect my conclufions to be controverted, how¬ 
ever ftrong may be my own conviction of their juftnefs, I am 
encouraged by the hope of communicating fome original ob- 
fervations on the phyfical geography of our own country, and 
of bringing forward to public notice fome faCts not generally 
known among us, though they are fuch as cannot be over¬ 
looked in a theory of granite. 

Notwithftauding the recent objections of Mr. Werner *, 
I (hall affume the origin of bafaltesfrom fubterraneous fufion as 
thoroughly eftablifhed by various authors +. Several obfervations 
of my own, which 1 intend foon to offer to the puhlick, will, 
I flatter myfelf, corroborate the evidence, though already fuf- 
ficiently ftrong to remove all reafonable doubt, and add a con- 
fiderable traCt to thofe where the effefts of ancient fire have 


* Bcrgmannifches Journal, March 17 89. Among the fads adduced by 
this celebrated mmeralogifl. to prove the watery origin of bafaltes, X cannot 
dHcover any very new or linking. The appearance of baialtes between ftrata is his 
great aignment. But the lame, ora fimihir appearance had been noticed by Dr, 
Hutton (Edinb, Tr. L p. 279*) 5 Whitehurst (Chap, XVI.) : Ferber (Italy, 
p* 51.) mentions the infertion of lava between calcareous ftrata; and in Luke 
(Reife durch Sachien, 4to, 1785, p„ 517,), we have bafaltic columns in fandflom*. 
Mr. Werner alfo infifts upon the gradual approximation of the adjacent flratura 
towards the nature of bafaltes. 


f Desbarest, in his well-known Paper in the French Memoirs; Rasre, 
Kxthid Volcanos near Caffe!; Faujas, Volcans eteints, &c. and Mineralogie des 
Volcans; Sir W* Hamilton, Campi Phlegrsei, and Phil. Tranf.; Ferber, 
Travels through Italy; Dolomimt, in his Account of the Lipari and Pontian 
I Ilea ^ Leske s 4 ; Bergldingen, in his Account of the Quickfilver Mines 
in the Palatinate, See. ; Hamilton, Letters on the Coaft of Antrim; Hutton, 
l, c ,; Veltu«m, Etwas fiber die Bafalt, JLeipfig, 1787; are among the chief 
of thefe authors. 


Vol, LXXXL 


been 
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been traced in our times- It may be proper to premife, that 
under the term bafaltes I comprehend that vaft natural family 
of rocks which is frequently cracked into regular colonnades, 
and may be followed in an unbroken feries from this perfect 
form through endlefs modifications to the moft fhapelefs mafs 
of trapp or whinftone. Though frequently of an iron-grey 
colour and uniform texture, this fpecies of ftone varies greatly 
in both thefe characters, even in the fame rock. In particular, 
it pafles, by the moft infenfible gradations, both to the por¬ 
phyries, with which it coincides in appearance, in compofi- 
tion, and doubtlefs alfo in origin, and to the hornjiein of the 
Germans; a term including petrofilex and feveral forts of clofe 
grained whinftone, of which I have found in England varieties 
with a conchoidal fraCture, femi-tranfparentat the edges, and in 
other refpeCts faft approaching * to a filiceous nature. Lilleftiall 
Hill near Shifnal, in Shroplhire, to mention a fingle inftance, 
affords fuch filiceous, befides femi-granitic , porphyritic, and 
common whinftone, containing agate. 

But bafaltes, of which a right knowledge is conducting us 
faft to a juft theory of the earth, is not lefs connected with 
granite; infomuch that we may trace thefe rocks gradually ap¬ 
proaching and changing into one another. I have myfelf had an 
opportunity of examining many connecting links in this gra¬ 
dual fucceffion; and this opinion, which has fince been con¬ 
firmed by other confiderations, was firft forced upon me by 
fpecimens in great variety from volcanic and bafaltic countries. 
But as it is a point by far too important to be admitted on the 
mere authority of any mineralogift, I fhall endeavour to fup- 
port it by the teftimony of obfervers, who cannot be fufjpe&ed 

* DotOMiEtr, Ifles Ponces, p. in. 185, &c. deferibes juft fuch lavas, 

3 Of 
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of any bias towards fuch an hypothefis. The firft ftep in 
the progreffion appears at the Giant’s Caufeway in Ireland, 
Many of the pillars there con lift of fine-grained, dark-coloured 
whinftone; that variety which may be confidered as mo ft 
perfect, and as equidiftant from porphyry, petrofilex, and 
granite ; but at the promontory of Fairhead, the character of 
the ftone is feen to alter, and it has lately been defcribed as an 
imperfect kind of granite *. Hence we are led by regular 
approaches to perfect prifms of granite, accompanied byprifins 
of common whinftone, and not lefs obvioufly than the dif¬ 
ferent ranges on the Coaft of Antrim betraying a common 
origin. The pillars of Les Rameaux, though they rather 
incline towards the dark colour and uniform hard fubftance; 
“ yet, when broken, are unequal both in colour and texture, 
44 and fometimes interfperfed with irregular pieces and patches, 
44 as it were, of an heterogeneous hard fubftance, which, by 
44 its micae and fmall rhomboidal cryftallizations, much re- 
44 lembles a fort of granite I have frequently feen. The 
44 mafs on which thefe columns ftand is of the fame mixed 
44 charader Other examples will occur afterwards; and 
for bafaltiform colonnades of granite it is only neceflary to 
refer to Mr. Strange’s defeription of Monte Roffo j. The 
general fhape of the Euganean hills, as if fuddenly raifed by 

* Hamilton, id edition of his Letters, p, 37. fays, it u refembles an imper- 
fed compact granite/* 1 have fpecimens from an hill near Mallwhyd, in the vicinity 
of Cader Idris, where the texture infenfibly changes from an uniform whinftone 
ground to grains of mica, feldfpath, fhoerl, and, I think, fometimes quartz. 
They are, I fancy, like thofe denfe lavas of Etna, u Qui, vues a la loupe, laiftent 
appercevoir des ebauChes de cryftallization de fixer!, de quarz, ou dc feld-fpath* 
Polomieu, L c * p. 182. 

f Strange*, Phil* Tranf, LXV» p* 13. 

1 Ibid* 

H 2 the 
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the expanfive and effervefcent force of heat * from the fur¬ 
rounding plain, the lava intermixed with granite, as if both 
had concreted together, the columns of an uniform texture in 
the adjacent parts of thefe hills, and the reft of the phenomena, 
even then led the author to fufpeft, “ a ftrong analogy be- 
tween granites and many particular volcanic concretions.” 
From the mountain of Efterelles, in the Sou 1 , of France, 
on the road from Frejus to Antibes, I have before me granite, 
gneifs, and fpecimens, in which fuldfpath and grains of trailf* 
parent quartz are diftufed through a pafte of the fame brown ilh 
red colour and texture as the bafaltic columns at Dunbar in 
•Scotland. 

Nothing is indeed more common, or more varioufly modified, 
than foffilsof this intermediate character +. We irequently find 
a ground of jafper, and no doubt alfo of different varieties of 
whinftone, as will hereafter appear, witli feldl'path and fhoerl 
at the fame time imbedded in them J; and again with grains of 
feldfpath and quartz in fuch a manner as to leave it extremely 
doubtful, whether the rock ought to be named granite or por- 
phytv §. The varieties of fuch rocks will conduct us, by eafy 
fleps, from uniform bafaltcs through the porphyries to granite. 
A chemical examination of the bafis of a number of thefe por¬ 
phyries would be very interefting; yet J would not reft the 
theory of their formation altogether on the refult of analyfis. 

# The fight of them imprefied Ferbrk alfo with the fame idea# 

■f II n’y a point de naturalises qui ne connoiffcnt le genre de roehes, place entre 
{© granit, les gneifs, ct les porphyres, qui tiennent nn pen des trois cfpeces# Hies 
Ponces, p» 90, 

$ Hau^nger* Tra& quoted below, p# 47# 

| Char, rentier (Mineraiogical Geography of Saxony, 410, 1778# in Ger¬ 
man), p, 50, and elfcwherc, finds himfcif in this ftate of uncertainty. 


The 
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The fame ftratum is perpetually varying in its mixture; and 
we fhouid not too rigouroufly adhere to the proportion of in¬ 
gredients difcovered by the chemift in the hundred grains upon 
which his experiments may chance to be made. The fenfible 
qualities, the {tile of fiffure, the accompanying foffils, and the 
form of whole rocks, when furveyed by an experienced eye, 
are as good criterions of bafaltes as a certain proportion of iron, 
and the black glafs which it yields on fufion. Should the 
matter of any given rock contain too little iron to be fufible by 
the blow-pipe, and yet have other finking features of whin- 
ftone, would this be a fufficient reafon to conclude, that its 
formation has been different ? Chemiftry, if thus ftriCtly fol¬ 
lowed, would perplex mineralogy, in (lead of reducing it to 
order. Characters of minerals, purely chemical, would fepa- 
rate thofe whofe natural hi {lory is alike, and bring together 
fuch as differ widely in their formation. 

The late Mr, Ferber’s letters from Italy furnifh fo many 
fads, conlpiring in one way or another to fhew the affinity 
between bafaltes as well as other products of fubterraneous 
fire and granite, that whoever reads them with this view will, 
I am perfuaded, find himfelf more interefted and inftruCted. 
The following are among the molt ftriking of thefe faCts. 

“ 4th fpecies of bafaltes. Oriental bafaltes through which 
“ the conflituent parts of granite are equably diffufed. Sepa- 
rate particles of red feldfpath, quartz, and mica, are 
“ difperfed through the fuhftance of this fpecies; they feem to 
have been diflributed through an aqueous folution, and to 
“ prove, that this fpecies had rather an aqueous than a fiery 
« origin.” I fee neither proof nor preemption in favour of 
this fuppofition; but in a feries of fpecimens, collected with a 

view 
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view to fhew the trail fit ion from black bafaltes to granite, this 
fpecies and the granite from Efterelles would form two con¬ 
tiguous links. 

“ 5th Oriental bafaltes, with {tripes of granite. The 
•“ common black bafaltes, fafeiated with large ftripes of red 
“ granite, blended and joined to the bafaltes without any 
“ vifible feparation ; not as the pebbles in a breccia, or as 
u fiffures healed up and filled with granite, but as if both the 
“ bafaltes and granite had been fluid together 

Thofe fptcimcns, which (hew how copioufly volcanos produce 
feldfpath, fhoerl, and mica, efpecially the two former (fubftances 
common both to bafaltes and granite), tend greatly to efta- 
blifh the near relation between thefe two kinds of rock. I 
was furprized, at this day, to find an excellent obferver 
ferioufly maintaining, that thefe earthy cryftallizations are 
merely ejc&ed, and not generated, by thefe fires +. 

Attempts, I am aware, have been made to fet up boundaries 
between the columnar granite of the Euganean hills, the 
granite of the volcanic provinces of France* the grankello of 
the Italians, and fuch granite as is found to conftitutc high 
and extenfive ranges of mountains. As to a difference in 
the fize of particles, and hardnefs of the ftone, the firft 
diftinCtion is neither conftant, nor by any means calculated to 
perfuade us, that a caufe, capable of producing the one, is 
inadequate to the production of the other. It may probably 
be explained from the quantity of matter, more or lefs perfect 
fufion, a different length of time in cooling; and in the latter 
character I fufpeCt the obfervers to have been deceived by the 

* See Fmber’s Travels in Italy, pp, 231, *32. Englilh tranflation. 

f Doi-omikv, Wes Ponces, and Laves de 1 ’Etna, paffim. 


decay 



Affinity between Bafaltes and Granite. 55 

decay of the rocks they infpe&ed *. At all events, lavas in 
abundance fliew, that fire is capable of producing any required 
degree of compaftnefs f. 

1 fhall conclude this induction of particulars with an obfer- 
vation lately publilhed by one of our moft intelligent minera- 
logical travellers. “ Among the ancient black ftones, the 
“ compound fpecies are moft frequent. They often confift of 
“ a kind of granite,m which the fcaly black ftioerl predominates 
“ fo much, that the whole mafs appears black. It is accompa- 
“ nied by white feldfpath of fofmall a grain, and fo entangled 
“ among the fhoerl, as to be fometimes fcarcely diftinguifhable. 
“ The feldfpath itfelf is fometimes tranfparent, and by tranf- 
“ mitting the colour of the fhoerl, in which it is imbedded 

“ (empate) appears black.Sometimes fcales of black 

“ mica occur. The conftituent parts do not always obferve 
“ the fame proportion; and when the quantity of feldfpath 
“ increafes, the appearance of a real grey or red granite is pro- 
“ duced. Hence we have veins and fpots of grey granite in 
“ almoft all the dark-coloured rocks that pafs under the 
“ denomination of bafaltes. Thefe veins have very much 
« embarrafl'ed thofe naturalifts who maintain that all bafaltes 
“ has been produced by fire.” This circumftance, however, 
according to my view of the fubjeft, is far from embarraffing: 
I confider it as a ftrong proof of my opinion, fince it feems to 
involve this confequence, that, if bafaltes proceed from fufion, 
granite alfo tnuft. Specimens, fuch as thofe here defcribed, I 
ftiould place near granular balaltes, like that of Cape Fair- 
head. “ In blocks of ancient bafaltes,” proceeds M. Dolo- 

# a Though partial fpots of this granite are often friable, efpecially about the 
furface, yet in general It is very hard.” Strange, ubi fupra, p, 9, 

f See Dolomxev, files Ponces, p. 139. 
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MiKtr, u I have obfervctl the tranfition from fhocrl in a 
“ mafs nearly homogeneous (I fay, nearly homogeneous , be- 
** caufc I know of no ftones, belonging, as thefe do, to the 
“ primitive mountains, without indications of a reparation of 
“ feveral fubftances which were incorporated together in a 
<l pahe, or rather which are generated in that pahe) to black 
“ and white granites, with large grains, and compofcd of 

nearly equal quantities of white feklfpath an 1 black fibocrl. 
“ The tranfition depends altogether on an increaleu proportion. 
“ of feldfpath and on the enlargement of its grains; a 
“ phsen'omenon which leaves no room to doubt, that all thefe 
“ hones belong to the fame fyftem of mountains 

By obfervations like thefe, which the fpecimens I either 
poflefs, or have examined, corroborate and compleat, I am 
perfuaded, that when once it becomes an objed of attention, 
perfons who have an opportunity of exploring countries where 
bafaltes and granite abound, will ealily find a fucceffion of 
fpecimens beginning at the former and terminating at the 
latter. Nor is it perhaps difficult to affign highly probable 
rcafons, why a mixture of different earths with more or lefs 
of metallic matter, in returning from a hate of fufiou to a 
folid confihence, may afl'utne fometimes the homogeneous 
bafakic » and fometimes the heterogeneous granitic internal 
ftrudure. No fad is more familiar than that it depends alto¬ 
gether on the management of the fire, and the time of cool¬ 
ing, whether a mafs fhall have the uniform vitreous fradure, 
or an earthy broken grain, arifing from a confufed cryftalliza- 
tion. The art of making Reaumur’s porcelain confifts en- 

* Journal de PhyGque, September 1790, p. 196. I have feveral fpecimens 
from the whin rocks about Edinburgh perfectly anfwering to this defeription, 
and fo like fome Vcfurian lavas that it is impaffiblc to diftingulih them. 
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tirely in allowing the black glafs time to cryftallize by a flow 
refrigeration; and the very fame mafs, according as the heat is 
conducted, may, without any alteration of its chemical con- 
flitu tion, be lucceffively exhibited any number of times as 
glafs, or as a ftony matter with a broken grain. In the flag 
of the iron furnaces, the fame piece generally exhibits both 
thefe appearances; the upper furface cools fart, and is glafs; 
what lies deeper, lofes its heat more gradually, and is allowed 
time to take on the cryftalline arrangement peculiar to its 
nature, in as far as a number of cryftals, ftarting from various 
points at once, and crowding each other, will admit of it. 
Here indeed the cryftals are uniform, and not of a different 
form and compofition, as in granite; fo that this analogy 
applies clofely only to bafaltes; and it perfectly explains why 
this body in congealing has a (fumed an earthy and not a 
vitreous grain. But it is eafy to conceive how, under certain 
variations of heat and mixture, a melted mafs may coagulate 
into quartz, feldfpath and fhoerl, or mica*. The mod 
permanent difference between bafaltes and granite, as to mix¬ 
ture, confifts in the quantity of iron j for the earths in the 
innumerable varieties of each vary indefinitely in their propor¬ 
tions ; and as to heat, that the latter having been perhaps in 
general raifed from a greater depth, and confifting of more 

* “ H eft certain que dans les porphyres les criftaux de feld-fpath n’exiftoient 
pas avant i’epoque de la precipitation de leur bafe. M He fuppofes them to be of 
aqueous origin; but the Fad is ranch to my prefent purpofe, t6 On y fait les 
progres fucceffifs de leur formation : on volt que pen a pen les fubftances qui leur 
font propres fe rapprochent, g’epurent et prennent les formes qut conviennent k 
lenrs molecules; ils etoient corarne en diftblntion dans leurs matrices et ils ont 
d’antant pins de faciiite a fe joindre que la fluidiie a plus parfaite et que le 
deflechement a ete pins long / 1 Ifles Ponces, 347* $48* 
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huge mafles, rauft have cooled more ftowly, and perhaps they 
have undergone different degrees of fufion. Befides toadftone, 
bafaltes inclofing feldfpath, zeolite, &c. 5 various lavas clearly 
demonftrate that heterogeneous earthy cryftals do feparate from 
a fufed pafte, once undoubtedly as uniform as a metallic calx and 
its reducing flux before the fubfidence of the metallic particles. 
We (hall, 1 imagine, be much deceived by a narrow analogy 
if, becaufe in our proceflcs for glafs-making an homogeneous 
produd is obtained from heterogeneous materials, we conclude, 
that an heterogeneous product may not, under other circum- 
ftances, refult from fufion; and that fire keeps infeparahly 
blended whatever it has once reduced to an uniform liquid pafte. 

It muff alfo be carefully remembered, that this difficulty 
does not prefs the igneous more than the oppofite hypothesis. 
Since the conftituent parts of granite are cryftals, the whole 
mafs muff once have exifted in that ftate of entire difunion of 
its particles which is neceffary to cryftallization. Now, whe- 
ther fuch a folution, have been effeded by the repul five power 
of fire, or the intervention of water, it is juft as cafy to con¬ 
ceive heterogeneous earthy cryftals (hooting from different 
points of an uniform liquid, according to the former fuppofition, 
as the latter. 

In the natural hiftory of granite and bafaltes, another 
ftriking circumftance occurs: they lie fo contiguous , and are Jo in¬ 
volved in one another , that we cannot but fuppofe both to have 
undergone the fame operations of nature at the fame time. This 
is feen with the utmoft frequency upon every poflible fcale, 
and under a vaft variety of modifications. The fads already 
quoted afford inftances in point. I have before me a fpecimem 
from the park at Stockholm, confiding partly of trapp and partly 
ef granite. The adjacent parts are as firmly united as the otl^er 
7 parts 
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parts of the fpecimen; and when a violent blow is ftruck, 
the trapp and granite do not feparate, but the fradlure takes 
fome other direction. They feem in feveral places of the 
boundary to run into one another. The whole mountainous 
diftridt furveyed by Mr. Leske * * * § with fuch fcrupulous accu¬ 
racy affords multiplied examples of the contiguity and connec¬ 
tion between thefe different rocks. 44 From all thefe minute 
44 defcriptions,” fays the Author, 44 it appears, that the bafe 
“ of the whole range con fills of granite. On the declivity of 
44 the highefl elevations, and on the folitary fummits of the 
44 external chain, corneous porphyry lies upon the granite, out 
44 of which as well as the granite itfelf, and the fandffone at 
44 its foot, bafaltes has been protruded by the force of fubter- 
44 raneous fire-}-*” The manner of connection will appear 
from a few examples. The bafaltes of the Spizberg '£ has a 
granulated ftrudture, and is imbedded in granite. The fub¬ 
ftance of the pillars of the Gikelfberg § is clofe and granular: 
in fome pieces 44 1 found the conftituent grains of granite little 
44 altered." Of the columns of the Knorberg, 44 the fubftance 
44 is clofc, uneven, and cpnfifls of diftindt grains: . . . large 
44 pieces of imperfeStly jufed granite are diffufed through its 
44 fubftance. In the Whinftone of the Hochwald there arc 
*<■ found pieces con lifting of a mixture of white feldfpath, 
“ quartz, and black Ihoerl j].” Again, in the Rauberg, the 
conftituent parts of granite arc fo diffufed through the bafaltes, 

* Reife durch Sachfen, 

f Ibid. p. 513, “ It is alfo remarkable, that granite in general throughout 

Velay and Auvergne is frequently intermixed with the bafaltine and other common 
volcanic hills. I have obferved the fame in Italy.” Strange, p. 14. 

% Reife durch Sachfcn, p. 328. 

§ Ibid. p, 498. 11 Ibid. p. 515. 
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that the Author imagines the rock to be an imperfectly fufed 
granite I rather confidcr tiiefc as indances of imperfectly 
crydallized granite, where fome unfavourable clrcumftance 
has prevented the conftituent parts from receding completely 
from one another. Experiments (hew, that almoft all granites 
melt into a black glafs i; and perhaps it is no abufeof analogy r 
nor in confident with what I have already remarked, to con¬ 
clude, that granite, in the date of imperfeCt fufion, diould pre- 
fent a glafly fubdance, involving the more infufible parts of 
which this done confids. 

The Scheibenberg, near Konigfbruck, confids of a done 
which Mr. Leske knows not whether to call hornflatc |, or 
corneous porphyry §. From the defeription it appears plainly 
to be a whinfione. The colour is dark grey; it breaks into 
columnar fragments; is hard, fme-grained, and fonorous; little 
veins of quartz crofs it in-all dirc&ions, and it frequently 
becomes porphyritic, as cnclofing cry dais of fddfpath. The 
Author himfolf is afterwards aware j| of its affinity to bafaltes, 
both in fubdance and from its afluming the columnar form. 
In this hill a mafs of granite is found imbedded in the whin- 
done, and on all Tides furrounded by it, and the mafs of 
granite is in its turn in all directions interfeCtcd with veins and 
itripcs of whindone. Mr. Leske is much druck by this 
mutual and intimate incorporation; but he makes no attempt 
to explain it. In fome indances, he thinks an eruption has 

Rcifc (lurch Sathfen, p* 330* 

f 11 ai dinger’s Einthcilung der Gebirgsartem Wieo, 1787 , p. 1 1 , and the 
Authors quoted there, 
i Hornfchiefer. 

% Ibid, p, No chemical charafim arc given# 

11 Ibid *P- S'3» 5H 
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broke out through the granite; and in others, is at pains to 
fhew, that thefe fubftances are not thoroughly blended, as in 
the laft example, and in that deferibedby Ferber. 

It may be faid, and no doubt it fometimes happens, that 
fliivers of granite, broken off by the violence of explofion, 
are licked up by melted matter as it moves along; thus, in 
volcanic breccias an older lava' is inclofed in one more recent, 
and thus what is called primary is fometimes encafed in fecon- 
dary granite. But fuch an hypothefis is too narrow to embrace 
all the phaenomena. It does not explain the incipient coagula¬ 
tion of the uniform pafte into grains, and thofe the different 
grains of granite; nor the diffufion of the conftituent parts of 
granite through the fubffance of bafaltes; nor the fifth fpecies 
deferibed by Mr. Ferber. 

In the whmftone rocks of England, which are far more 
numerous than is commonly fuppofed, I have frequently ob- 
ferved in the fame hill, i. homogeneous dark grey {tone; 2. 
fcldfpath enclofed in this as in a pafte; and, 3. the pafte difap- 
pearing, and the whole becoming granular, and the grains 
heterogeneous. Befides fcldfpath, quartz is found in innu¬ 
merable maffes of varying magnitude * in many whinftone 
rocks, and as proper bafaltes is but a confuted mafs of cryftals 
of fhoerl, we have all the ingredients of granite; and why 


* In the Wrekin, Cader Idris, &c. numerous and large veins filled with 
quartz occur; but thefe have not been feaclcd from the fubftance of the rocks- 
in which they lie. They, pet baps, fhew this moil filiceous ingredient of granite 
to have been near and in fatten at the fame time. About Cader Idris I fufpeftaa 
incorporation of granite and bafaltes may be found. I have feen pieces of granite 
about that mountain which did not feem to have been far removed from the rock 
to which they belonged j but 1 had then no particular inducement to make an 
accurate examination,. 


may 
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may we not expert to find them incorporated together, and in 

every Bate of diifufion and reparation ? 

Under this head I fhall only remark further, that feveral 
late obfervations, from which it has been inferred, that certain 
extiuft volcanos have been feated in the heart of granite *, feem 
to admit of a much more eafy explanation, on the fuppofition 
that granite has cryftallized from fufion. j. Volcanic fires 
reach to a much greater depth than any at which we have had 
an opportunity of making obfervations. The focus in different 
itiftances may be feated at a different diftance from the furface; 
but none are probably lefs than feveral miles at leaft deep. 2. 
The currents of granitic lava f in the Poutian ifles leave little 
room to doubt of the power of fubterraneous fire to produce 
this fubftancc. To fuppofe them to be rocks of granite fufed, 
but otherwife unchanged, and that even fiflile rocks may be 
made to flow without lofing their laminated ftrudure; is as bold 
an aflumption as can eafily be taken up. In the great igneous 
procefles of nature fire need not be imagined to aft otherwife | 

* DotoMiEU, Hies Pouces, p„ 30, 31. and Hies de Lipari, invaiiom parts, 

f DoLOMtEtr, 4 c* and particularly p, 89—97, Inllnid'ive as the 

paiticular Aufb defcribetl by this excellent minetulogifl always are, I mud: diflcmt 
from him both on the mode of adtion of volcanic firco, and on the production of 
zeolite and other eryflals, in glandular rochs, for the reafons aligned here and 
below, 

% u Lc feu prodiut, dans les laves, une fluidity qui n’a aucim rapport avec la 

ft indite vitreufe que nous operons.Cehu des volcans n*a point dlnten- 

iltc ; il ne pent pas memo vitrifier les fubllances les plus fuflbles . , . * i 1 pro- 
dtut la fluidity par une efpcce de diffolution, par une Ample dilatation qui permet 
atu parties de gliffer les lines lur les amres (Dolomimj, Avant-propos, p, 8#)* 
Sce/alfo p. 84, Fire in a crucible produces fluidity no other wife; and when 
there is this freedom of motion among the particles^ how can we fuppofe the 
ciyfhls of granite and the leaves of fchiftus to remain unmixed even in a current 
0$ lava ? 

than 
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chan in our frnall experiments; we actually fee it producing 
glafs and cellular fpongy fcoriae : when the produdts are of a 
different chara£ler, we mu ft have recourfe to acceffory circum- 
ftances, and not violate the plained: rules of philofophifing by 
attributing different effedts to the fame caufe. The latent mo¬ 
tive for fuch an extraordinary hypothecs may eafily be divined; 
the obferver took it for granted, that all granite is of aqueous 
formation ; hence he was obliged to reafon backwards from 
the unknown, that of the Alps for infiance, to the known, 
in flea d of proceeding from the palpable effects of fubterraneous 
fire by eafy fieps to a general theory of granite. When it is 
taken for granted, before examination, that granite cannot be 
formed by fire, there remains no refource but to fay, that gra¬ 
nitic * lavas are granite rocks fufed, but not altered in the 
arrangement of their confiituent parts. 3. Though the heat 
of volcanos be fometimes and in fome places moderate; in 
others we have good reafon to believe, that it exceeds any de¬ 
gree we can produce, except by means of fadtitious air; we 
are certain that it forms molten currents of petrofilex and flint 
exadfly the fame as our gun flints -f. 

If we admit this reafoning, the appearance of granite in the 
bofom of volcanic ddblalion may, if duly examined in all its 
circumftauces, afford flrong evidence of its production by fufion; 
and it is reafonable to conclude, that it was once covered to a 
confiderable depth by erupted matters, which the courfe of 

* “ Les laves blanches de Pile Ponce paroiffent appartenir plus particuliere- 
roent au giuriit et aux roches ftmlletecs graniriques. On recommit les fubftanccs- 
qai confiituent ordiruncmcnt ce genre de roche compofue dans prefques toutes les. 
manures blanches (vokaniques) de cette ifle; favoir, le quartz en grain, le mica 
aoir c'cailleux et 3 e fcldfpath plus ou meins pur. Doj-omieu, 1 , c, p, 89, 

f Idem ibid. p. 107. 
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time, and the injuries of the atmofphere, have removed; 
though I by no means deny that a volcano may force its way 
through pre-exihing rocks of granite. 

There is hill another analogy between bafaltes and granite, 
more important to the theory of the earth, and lefs liable to 
controvei fy than either of the preceding. In their filiation, 
with rcjpc&t to other roch , we may obferve the fame law. The 
general rule of fuper-pofition, reckoning from below upwards, 
is, i. granite; 2. fchiftus; 3. limehone. This rule has 

been found to hold good by fo many mineralogical travellers 
that, though it may not be abfolutely univerfal, it muft be 
allowed to prevail very extenfivcly. Now, in this ifland there 
are numerous inftances where bafaltes is fubftituted in the feries 
inhead of granite, and where it feems to alternate with gra¬ 
nite as the fubhratum of other locks. On the road from 
Dolgelly in Merionethffiire, by Mallwhyd and Cann’s Office, 
through Llanfair to Welchpool, fchihus appears always in¬ 
cumbent on whin hone, except fometimes when the latter is 
interjected between the hrata, or lqueezcd up through fiffures. 
In Wales the country is fo hilly, that the limehone, if it 
exihed, has probably been wafhed away; but on the confines 
of England it comes in. The road from Welchpool to 
Shrewsbury paffes over the fide of the Long Mountain, which 
confihs of fchihus; on the left, or towards the eah, rife fome 
confiderable bafaltic hills. The hrata of the Long Mountain 
point towards the fummit of thefe hills, as if the narrow 
valley that intervenes had been cut by water upon the lifted 
edge of the fchihus. At a fmall dihance from the north and 
Couth fides of the bafaltic hills calcareous hrata are found. 
Beyond Shrewsbury, on the road to London, we have, inhead 
of the continued ridges of Wales, a number of infulated, and 

generally 
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generally rugged, points, riling over the face of Shropfhire 
and the adjacent counties. Were the plains covered with 
water a few yards in depth, thefe eminences would appear 
from diftance to difiance like fo many flepping Hones. They 
all, except the Malvern Hills, which, though compofed of 
granite, I confidcr as part of the fame fyftem, confiH of whin- 
Hone. Among thefe flepping Hones 1 reckon the bafaltic hills 
near Welfhpool, the Wrekin, Liilefhall Hill, and, at a greater 
diflance towards the EaH, the riling grounds near NewcaHle in 
StafFordfhire, whence the whin rock, perhaps, communicates 
■by the toadflone of Derbyfhire, through the hills in the North 
of England with the whinHone towards the South of Scot¬ 
land. In a fouth or fouth-wefl direction from the Wrekin, a 
number of craggy eminences arife. They are bafaltes, and 
form a ftriking contraH with the fmooth, rounded, and 
lumpifh fwells of fchiHus in their neighbourhood. From the 
whin rocks near Stretton we may pafs by the Brown and 
Titterflone Clee Hills (on the latter of which are regular prif- 
matic columns) to the Malvern Hills. About thefe hills lie Hrata 
of fchiHus and limeflone, as is feen on the road from Much 
Wenlock to Stretton. To the fouth-eafl an extenHve field of 
whinHone, with occafional elevations, is fpread over the confines 
of Worceflerfhire, Warwickfhire, and StafFordfhire. Here we 
have the Rowley ragflone. ' Whether the bafaltes proceeds 
fouthward by fuch interruptions till it join the Elvin or 
whinHone, and granite of Devonfhire and Cornwall, where 
I imagine they may be found incorporated, I wifh for an 
opportunity to examine. In the plain part of this whole 
diflrid, the whin rock appears frequently at the furface, or 
a little below the Hrata, fo that the hills have probably a fub- 
terraneous communication with one another, and there needed 
Vol. LXXXI. K but 
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but a little more lifting force to form continued ranges of 
mountains. The road from Welfhpool to Birmingham, above 
threefcore miles, is repaired in a great meafure with whin- 
ftone. A colonnade of bafaltes has been lately expofed in 
digging the Shropshire canal; and in the mining country 
around, levels have been driven in the black rock, as it is 
fomclimcs called. As 1 have feen whinftone and flate in vari¬ 
ous other parts of North and South Wales, the whole weftern 
fide of our ifland has probably been raifed by the bafaltes on 
which the fuperficial flrata now reft, though from particular 
circumftanccs the fufed mafs has now and then cryftallized 
into granite; and as it has been conjectured, that the bafaltes 
of Ireland once joined that of the Scotch ifles and the main 
land itfelf, fo perhaps the bafaltes of North Wales joined the 
Irifh coaft till the fea worked its way or broke in, and de¬ 
ft royed the continuation. 

As linn. Hone is fomclimcs faid to reft immediately on gra¬ 
nite fo at the foot of the Wnkin, and at Lilielhall Hill, 
no flate is iuterpofed between the limeflone and bafaltes; lb 
that the analogy extends even to the exceptions. 

But another lories has been obferved, which feems to con¬ 
ned gianite by a cbfer tie with the operations of fubterraneous 
fire. In Italy lava Hands to flate and limeflone in the fame 
relation as granite and whinftone in other countries f. Whole 
ridges of mountains in the Venetian territory confift of folid 
lava, fometimes almoft bare, fometimes retaining the fuper- 
incumbent flrata, with fevural local variations; all of which 
are reducible to a greater or lefs degree of lifting force. Thefe 

* .Bosk’s Letters, p. 207, 

t Femes, l, c, pp. 42. 51.; and especially Steakgf, 1 . c, p. 24—32. 

chains 
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chains have a totally different form from the common conical 
Shape of volcanos or heaps of loofe ejected matters. They 
feem to afford a clear inftance of the manner in which long 
continuations of mountains have been elevated; for it is not 
eafy to admit the luppofition of the obferver, who has fo accu¬ 
rately defcribed them, that the limeftone has been converted 
into lava; and that the ridges exifted, fuch as they appear at 
this day, before this change was produced by fubterraneous 
fire. Chemical and mechanical considerations are unfavourable 
to this hypothecs j and “ Since moft of thefe branches, whether 
“ marine, volcanic, or mixed, preferve nearly the fame exter- 
“ nal characters, directions, and parallelifmit appears highly 
probable, that they have not pre-exifted as hills in another 
State, but owe their elevation to the expanfive force of fire; 
and that the fame lava which appears in fo many places lies 
alfo under all the limeftone hills, of which indeed there are 
evident indications. 

Several modern travellers have defcribed the ft rata of granite 
mountains; but neither in their defcriptions nor drawings have 
I been able to find Satisfactory evidence of this arrangement; 
nor have I obferved it in nature. A liquid mafs Swelled by 
heat muft crack in cooling. Granite feems to me to have 
cracked moft frequently like the bajake en tables ; and thefe 
flat maffes have been taken for Strata. A Stratum, confiding of 
proper materials to form whinftone or granite, may have 
been expofed to the neceffary degree of heat, and poffibly have 
undergone this change without much relative local derange¬ 
ment. Should fuch a Stratum be discovered, it would afford 
no proof of the Stratification of the great mountains of granite 
or Shapelefs whinftone, which, in con Sequence of its nu- 

K 2 merous 
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mcrous fiffures in all directions, fometimcs affumes enough of 

this appearance to impofe on an unwary eye. 

One confequence of thefe obfervations is too important to be 
omitted. They lead us to rejeCfc the common divifion of 
mountains into primary and fecondary. The chains of granite, 
fchiftus, and limeftone, muft be all coeval; for if the central 
chain of the Alps burft as a body expanded by heat from the 
bowels of the earth, it reared the bordering chains at the fame 
effort. But it muft be recollected, that the mountains no 
longer wear their original form, vallies having been cut 
between and through them, and various other effeCts of dila¬ 
pidation having taken place. It is by no means difficult to 
underftand why no cxuviai of organized bodies are found in 
thefe imaginary primitive mountains. Riling from a great 
depth, they threw afide the fuperficial accumulations of the 
ancient ocean. What was deepeft is therefore now moft 
central; and what lay on the furfacc now Ikirts the high inte¬ 
rior chains. Hence the ftrata reft indifferently on granite, 
baialtcs, or lava; all which fubftauces derive from their fitua- 
tion an equal claim to be regarded as primordial materials. It 
is a little fill-prizing, that this inveterate error, which has 
effectually barred the way to all great difeoveries in geology- 
till of late fhould have prevailed lb long : for, i. it is well 
known, that granite is fometimcs found enclofmg pieces of 
fchiftus f; nor are long ftretches of date uncommon in moun¬ 
tains of granite J. Now, how can a fecondary be fo enve¬ 
loped in a primitive rock ? and how eafy is this to be under- 
ftood, if we fuppofe granite as a fufed mafs railing, rending* 

* TUI Dr. Hutton’s Theory of the Earth, Edinb. Tranf, Vol. I. appeared. 

f Born’s Letters, p. 207, ac8# 

f H&IDINCB.R, l. t. p. 18. 
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and ftuvering the incumbent ftrata, while its heat hardened them 
into laminated ftone. 2. Suppofing granite mountains previoufly 
exiting in the ancient ocean, the inclination of the incumbent 
ftrata, and their difarrangement is fuch that they could never 
havt been depolited as they appear at prefent; they would have 
been much more horizontal in their dire&ion. It feems im- 
poffible to attribute the diforderly deviation, which is fo general 
m the mountains of flate, &c. from that pofition which all 
fediments from water affurae, to any thing but a force lifting 
from below, and fometimes burfting through. 

It is moreover certain, that all thefe lifting maffes, from 
granite to acknowledged lava *, are found fqueezed up through 
fiffures formed in the ftrata by their own expanfion. This, 
and not the infiltration of water, as M. de Saussure would 
perfuade us f, appears to be the true origin of fuch veins of 
granite. 

* Fekber, L r* p, 5 t* 

f Voyages dans les Alpes, 4to, L 532—536. The whole paflage well 
defences the notice of thefe who are interefted in thefe enquiries. Vertical ftrata, 
in one inftance, lying againfl. the foot of a granite mountain, are divided by 
oblique fiffures, full of granite. This natundift fuppofes them to have filled up* 
gradually by the rain water diffoiving particles of granite, carrying them down 
and departing them in the form of granite again ; two operations which one may 
iafely deny to rain water the power of performing* Other infuperable objections 
to this theory ft art up at every jftep in the defer ip tion. If water can diffolve any, 
it is furely but a very fmali part of all the ingredients of granite. Now, fup- 
pofe a fiffure full of fuch a Tolution ; the water is, I fuppofc, to evaporate, and* 
the cryftallization to take place; the cryftals muft be final!, on account of the 
fmali quantity of matter to form them, and a fucceeding folution can only yield 
another crop of fmali cryftals, it will not enlarge thoie already formed; but we 
are told, that the cryftals of granite in the c'revices in queftion. are remarkably 
large. This has always appeared to me a chemical demonftration of the falfehood 
of a very common fuppofirion* that the cryftals often occurring in the cavities of 
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flic amygd tloicles locks have been formed by the infiltration of water. The cryflals arc 
frequently of fo large a llzc that you can by no means fuppofe the quantity of water, 
at anyone time exiting in the cavity, conk! have held the folid matter, of which 
they confift, in folution. Now, I think, it is contrary to all our experience in che« 
mi dry, to fuppofe cryflals built up by fueceffivc operations. If upon cryflals of 
nitre I pour a folution of the fame fait, the former cryflals will not be enlarged 
and amended, but anew'' fet will be formed; fo fuccefGve quantities of water, 
paling through thefe cavities, ought to form fucccffive fets of very final! cryflals* 
Neither can I imagine, what caufes can produce within thefe cavities a depofition 
of the matter once diffoived by the water. It is not cooled ; it does not evapo¬ 
rate ; it lofes no fixed air ; it comes in contact with no new matter, whofe attrac¬ 
tion may overpower the attra&ion of the water* 

The divifions, u rather marked out than formed, which crofs each other 
irregularly (p. 533*), and indicate an incipient rctra&ion,” are much more con¬ 
fident with a fimultaneous congelation than a gradual apportion ; and the granite 
is the fame as that of the contiguous hill in the colour and appearance of its 
conflitucnt parts. This coincidence is a Unking fa£h 

In truth, the philosophers who attribute the formation of granite to water feem 
not to have advanced a flep in their proof beyond the equivocal circumftance of 
"its being a cryftallizcd xnafs* 
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IV. On Nebulous Stars? properly Jo called* 
By William Hcrfchel, LL.D. F. R* S. 


Read February io, 1791. 

I N one of my late examinations of a fpace in the heavens,, 
which I had not reviewed before, I difcovered a jlar of about 
the %th magnitude, furrounded with a faintly luminous atmofphere , 
of a confiderabk extent. The phenomenon was fo linking’ 
that I could not help reflecting upon the circumftances that 
attended it, which appeared to me to be of a very inftruCtive 
nature, and fuch as may lead to inferences which will throw a 
conflderable light on fome points relating to the conftruCfcion 
of the heavens. 

Cloudy or nebulous {tars have been mentioned by feveral 
aftronomers; but this name ought not to be applied to the 
objeCts which they have pointed out as fuch; for, on examina¬ 
tion, they proved to be either mere clulters of liars, plainly 
to be diflinguilhed with my large inffcru merits, or fuch nebu¬ 
lous appearances as might be reafonably fuppofed to be occa- 
fioned by a multitude of liars at a vaft diftance. The milky 
way itfelf, as I have (hewn in fome former Papers, confifts 
inti rely of liars, and by imperceptible degrees I have been led 
on from the moll evident congeries of liars to other “groups in 
which the lucid points were fmaller, but Hill very plainly to 
be feen; and from them to fuch wherein they could but barely 
be fulpeCled, till I arrived at laft to fpots in which no trace of 
4 a Itar 
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a fhir was to be difeerned. But then the gradations to thefe 
latter were by fuch wel 1-conneCted Heps as left no room for 
doubt but that all thefe phenomena were equally occafioned by 
liars, varioufly difperfed in the immenfe expanfc of the univerfe. 

When I purfued thefe refearchcs, I was in. the fituation of a 
natural philofopher who follows the various fpecics of animals 
and infeCts from the height of their perfection down to the 
loweft ebb of life; when, arriving at the vegetable kingdom, 
lie can fcarcely point out to us the prccile boundary where the 
animal ceafes and the plant begins; and may even go fo far as 
to fufpeCt them not to be effentiallv different. But recollecting 
himfelf, he compares, for inftance, one of the human fpecies 
to a tree, and all doubt upon the fubjeCt vanilhes before him. 
In the fame manner we pals through gentle Heps from a coarfe 
duller of liars, fuch as the Pleiades, the Praefepe, the milky way, 
the,duller hi the Crab, the nebula in Hercules, that near the 
preceding hip of Bootes (<2), the 17th, 38th, 41ft of the 7th 
clals of my Catalogues (<£), the 10th, 20th, 35th of the 6 th 
dais (r), the 33d, 48th, 213th of the ill (d 1 ), the 12th, 

(a) RA. X3'h. 27'40". MX 6o° a'* The places of all the objects men¬ 
tioned in this Paper are not brought to the prefent time, but given as they were 
calculated from the beft obfervations I have made of them; the change in their 
fituation arifmg from the lapfe of a few years is too trifling to be any hindrance 
to our finding them very cafily. 
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150th, 756th of the 2d (a), and the 18th, 140th, 725th of 
the 3d (£), without any hefitation, till we find ourfelves 
brought to an object fuch as the nebula in Orion, where w® 
are Hill inclined to remain iti the once adopted idea, of liars 
exceedingly remote, and inconceivably crowded, as being the 
occafion of that remarkable appearance. It feems, therefore, 
to require a more diffimilar objedt to fet us right again. A 
glance like that of the naturaliil, who calls his eye from the 
perfedt animal to the perfedt vegetable, is wanting to remove 
the veil from the mind of the allronomer. The objedt I have 
mentioned above, is the phaenomenon that was wanting for 
this purpofe. View, for iiillance, the 1 pth duller of my 6th 
clafs (c), and afterwards call your eye on this cloudy liar (d), 
and the refult will be no lefs decifive than that of the naturaliil 
we have alluded to. Our judgement, I may venture to fay, 
will be, that the nebulojity about the Jlar is not of a Jlarry 
nature. 

But, that we may not be too precipitate in thefe new deci- 
fions, let us enter more at large into the various grounds which 
induced us formerly to furmife, that every vifible objedt, in 
the extended and dillant heavens, was of the Harry kind, and 
collate them with thofe which now offer themfelves for the 
contrary opinion. 
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It has been obferved, on a former occaiion, that all the 
jfraaller parts of other great fyftems, fuch as the planets, their 
rings and fatellites, the comets, and fuch other bodies of the 
like nature as may belong to them, can never be perceived by 
us, on account of the faintnefs of light reflected from fmall, 
opaque objects; in my prefeut remarks, therefore, all thefe are 
to be intiiely fit a fide, 

A well conned'cd leiies of objc&s, fuch as we have men¬ 
tioned above, has led us to iufpr, that ail nebulae confift of 
liars. This being admitted, vye were authorized to extend our 
analogical way of reafoning. 31 little farther. Many of the 
nebulae had no other appearance than that whitifti cloudinefs, 
on the blue ground upon which they feemed to be proje&ed; 
and why the lame caufe fhould not be afligned to explain the 
molt extenfive ncbulpfitics, as well as thofc that amounted only 
to a few minutes of a degree in lize, did not appear. It could 
not be inconliflent to call up a telefcopic milky way, at an 
immenfu dillancc, to account for fuch phenomena ; and if any 
part of the nebulofty feemed detached from the reft, or con¬ 
tained a vilible liar or two, the probability of feeing a few 
near ftars, apparently lcattcrid over the far diftant regions of 
myriads of fulereal eolluftions, rendered nebulous by their 
diftance, would alio clear up thefe fmgularities. 

In order to be more eaffty underftood in my remarks on the 
comparative dilpoiition of the heavenly bodies, I fhall mention 
feme of the particulars which introduced the ideas of connection 
and difjunttion: for thefe, being properly founded upon an exa¬ 
mination of objects that may be reviewed at any time, will be 
of confiderable importance to the validity of what we may 
advance with regard to my lately difeovered nebulous ftars. 

z On 
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On June the 25 th, 1786, I faw a beautiful duller of very 
fmall liars of various fizes, about 15' in diameter, and very 
rich of ftars (<?). On viewing this objed, it is impoffible to 
withhold our alien t to the idea which occurs, that thefe ftars 
are conneded fo far one with another as to be gathered toge¬ 
ther, within a certain fpace, of little extent, when compared 
to the vaft expanfe of the heavens. As this phsenomenon has 
been repeatedly feen in a thoufand cafes, I may juftly lay 
great ftrefs on the idea of fuch ftars being conneded. 

In the year 1779, the 9th of September, I difcovered a very 
fmall ftar near s Bootis (b). The queftlon here occurring, 
whether it had any connedion with s or not, was determined 
in the negative; for, confide ring the number of ftars fcattered 
in a variety of places, it is very far from being uncommon, 
that a ftar at a great diftance Ihould happen to be nearly in a 
line drawn from the fun through s, and thus conftitute the 
oblerved double ftar. 

The 7th of September, 1^82, when I firft faw the plane¬ 
tary nebula near v Aquarii (/), I pronounced it to be a lyftem 
whofe parts were conneded together. Without entering into 
any kind of calculation, it is evident, that a certain equal 
degree of light within a very fmall fpace, joined to the particu¬ 
lar lhape this objed prefents to us, which is nearly round, and 
even in its deviation confident with regularity, being a little ellip¬ 
tical, ought naturally to give us the idea of a conjunction in the 
things that produce it. And a confiderable addition to this 
argument may be derived from a repetition of the fame phe¬ 
nomenon, in nine or ten more of a fimilar conftrudion. 

( a ) RA. 18 h. 20'2A PD. laf 3'. 

(b) Phil. Tranf. Vol. LXX 1 I. p- 115. Catalogue of Double Stars, L 1. 

(*) RA. ao h, 52' 36". PD. 102° 12 / . 

L 2 
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When I examined the clutter of ftars, following the head of the 
great dog (a), I found on the 19th of March, 1786, that there 
was within this clutter a round, refolvable nebula, of about two 
minutes in diameter, and neatly of an equal degree of light 
throughout (£). Here, confidering that the clutter was free 
from nebulofity in other parts, and that many fuch clutters, as 
well as many fuch nebulae, exift in divers parts of the hea¬ 
vens, it appeared to me very probable, that the nebula was 
unconnected with the clutter; and that a fimilar reafon would 
as eafily account for this appearance as it had refolved the phe¬ 
nomenon of the double ftur near £ Bootis ; that is, a cafual 
tttuation of our fun and the two other objeCts nearly in a line*. 
And though it may be rather more remarkable, that this fhould 
happen with two compound fyftems, which are not by far fo 
numerous as fingle ftars, we have, to make up for this fingu- 
larity, a muclx larger fpace in which it may take place, the 
clutter being of a very considerable extent. 

On the 15th of Febiuary, 1786, I difcovered that one of 
ray planetary nebulae (c), had a fpot in the center, which was 
more luminous' than the reft, and with long attention, a very 
blight, round, well defined center became viliblc. I remained not 
a lingle moment in doubt, but that the blight center was con¬ 
nected with the left of the apparent difk. 

In the year 1785, the 6th of OClober, I found a very bright, 
round nebula, of about if minute in diameter (r/). It has a 
large, bright nucleus in the middle, which is undoubtedly 

^ • i 11 0 / 

( a ) RA. 7 32 x. PD. 104 18* 

(i) 7 3* 5* io 4 »5* 

(«> >7 58 25. 23 22. 

(d) 3 3Q 35- *<>9 J S- 
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connected with the luminous parts about it. And though we 
muft confefs, that if this phsenomenon, and many more of 
the fame nature, recorded in my catalogues of nebulae, con fill 
of cluttering ftars, we find ourfelves involved in fome difficulty 
to account for the extraordinary condenfation of them about 
the center; yet the idea of a connexion between the outward 
parts and thefe very condenfed ones within is by no means 
lefiened on that account. 

There is a telefcopic milky way, which I have traced out in 
the heavens in many fweeps made from the year 1783 to 
*79 GO* ta hes up a fpace of more than 60 fquare degrees 
of the heavens, and there are thoufands of ftars fcattered over 
it : among others, four that form a trapezium, and are fituated 
in the well known nebula of Orion, which is included in the 
above extent. All thefe ftars, as well as the four I have men¬ 
tioned, I take to be intirely unconnected with the nebulofity 
which involves them in appearance. Among them is alfo 
d Orionis, a cloudy ftar, improperly fo called by former aftro- 
nomers ; but it does not feem to be connected with the milkinefs 
any more than the reft. 

I come now to fome other phenomena, that, from their 
Angularity, merit undoubtedly a very full difcuffion. Among 
the reafons which induced us to embrace the opinion, that ail 
very faint milky nebulofity ought to be aferibed to an affemblage 
of ftars is, that we could not eafily afiign any other caufe of 
fufficient importance for fuch luminous appearances, to reach 
us at the immenfe diftance we muft fuppofe ourfelves to be- 
from them. But if an argument of confiderable force fhould 
jaow be brought forward, to ftiew the exiftence of a luminous 
matter, in a ftate of modification very different from the com- 

(aj RA. from 5 h. 15' 8" to 4 h. 39' 1'. PD. from 87° 46' to 98° 10'. ^ 

A ftruCtiow 
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fti udion of a fun or ftar, all objedions, diawn fiom our 
incapacity of accounting for new phenomena upon old prin¬ 
ciples, will lofe their validity. 

Hitherto I have been Ihewing, by vaiious inftances inobjeds 
whofe places are given, in what manner we may form the ideas 
of connexion and its contrary by an attentive infpedion of 
them only: I will now relate a feries of obfervations, with 
lcmaiks upon them as they are delivered, from which I (hall 
afterwards draw a few Ample conclufions, that feem to be of 
considerable importance. 

To diftinguilh the obfervations from the remarks, the former 
are given in italics, and the date annexed is that on which the 
objeds were difeovered; but the deferiptions aie extraded 
fiom all the obfervations that have been made upon them. 

Gdober 16, 1784. A far of about the fh magnitude, fur- 
rounded by a milky nebuhjity , or chevelure , of about 3 minutes in 
diameter, The ncbulojily is very faint , and a little extended or ellip¬ 
tical, the extent being not far from the meridian, or a little from 
north preceding to fouth following . The chevelure involves a 
fmallfar , which is about 11 minute north of the cloudy far ; 
other fars of equal magnitude are perfectly free from this appear¬ 
ance (a). 

My prefent judgement concerning this remarkable objed is, 
that the nebulofity belongs to the ftar which is Situated in its cen¬ 
ter. The fmall one, on the contrary, which is mentioned as in¬ 
volved, being one of many that are profufely fcattered over 
this lich neighbourhood, I fuppofe to be quite unconneded 
with this phenomenon. A circle of three minutes in diameter 
is Sufficiently large to admit another fmall ftar, without any 
bias to the judgement I form concerning the one in queftion. 

(a) R.A. 5 h. 57 / 4". PD. 96° m '. 

Tt 
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It muft appear Angular, thatfuch an object fhauld not have 
immediately fuggefted all the remarks contained in this Paper; 
but about things that appear new we ought not to form opinions 
too haftily, and my obfervations on the conftrudtion of the 
heavens were then but entered upon. In this cafe, therefore, 
it was the fafeft way to lay down a rule not to reafon upon the 
phenomena that might offer themfelves, till I fhould be in 
pofleflion of a fufficient flock of materials to guide my re- 
fearches. 

G&ober 16, 1784. A fmall Jlar of about the nth or 12th 
magnitude, very jointly affcBed with milky nebulojity ; other Jars 
of the fame magnitude are perfectly free from this appearance 
Another obfervation mentions 5 or 6 fmall jlars within the fpace 
of 3 or 4 / , all very faintly ajfdied in the fame manner , and the 
nebulofty fufpeSled to be a Utile fronger about each Jlar. But a 
third obfervation rather oppofes this iucreafe of the faintly 
luminous appearance {a). 

Here the connection between the ftars and the nebulofity is 
no t fo evident as to amount to convi&ion j for which reafon 
we fhall pafs on to the next. 

January the 6th, 1785. A bright Jar with a confderails 
milky chevclure ; a little extended , 4 or f in length , and near f 
broad; it lojes itfelf infenfbly. Other Jars of equal magnitude 
are perfectly free from this chcvelure (b). 

The connexion between the ftar and the chevelure cannot 
be doubted, from the infenfible gradation of its luminous 
appearance, decreafmg as it receded from the center. 

h, 

(a) RA. 6 o 33. PD. 96 13. 

<*) 5 30 53 ’ 92 2J * 
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January 31, 1785. A pretty confderable far , with a very 
faint, and very fnutll, irregular, milky chevelure ; other Jiars of 
the fame fze are perfectly free from J'uch appearance (d), 

1 can have no doubt of the connection between the ftar and 
its chevelure. 

October 5, 1785. A far with d frong bur all around. A 
fecond obfervation calls it a very bright nucleus, with a milky 
nebulofity, of no great extent. A third fufpeCts the milkinefs to 
belong to more of the fame , which is dijfufed over the whole fweep 
in that place ; but a fourth fays, that the milky nebulofity is much 
f ranger than what the nebulous ground, on which the far is 
placed, intitles it to (b). 

The connection, therefore, between the nebulofity and the 
ftar is evident. 

January!, 1786. A far furrounded with milky chevelure ; 
the far is not central. A fecond obfervation calls it afebled 
with a very faint, and extenfve , milky chevelure. A third only 
mentions a far affebied with milky chevelure (c). 

As by the word chevelure I always denoted fomething 
relating to a center, the connection cannot be doubted. 

February 24, 1786. A confderable far, very faintly aft Sled 
with milky chevelure. A fecond obfervation, much the 
fame (i). 

November 28, 1786. A far involved in milky cheve- 
lure (e). 


{a) EA. 6 54 27. 1 5 D. 100 53. 

ft) 5 25 57* 9 6 52 . 

ft) 5 35 56- «9 5°* 

ft) 5 59 4- 96 19- 

ft) 5 57 4- 9 6 >5- 
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January 17, 1787. A ftar with a frMy firong mtfky nsbu- 
lofityi equally difpetfed all around ; the fiar Is of about the g'h 
magnitude. A memorandum to the obfervation lays, that, 
having but juft begun, I fufpeeled the glafs to be covered with 
damp , or the eye out of order; but yet a Jlar of the i o th or 1 j th 
magnitude , jufl north of it , was free from the fame appearance. 
A fecond obfervation calls it one of the mofl remarkable pheno¬ 
mena I ever have feen, and like my northern planetary nebula 
in its growing fate {a). 

The connection between the ftar and the milky nebulofity is 
without all doubt. 

November 3, x “87. Ahight fiar with faint nebulofity. A 
fecond obfervation mentions the ftar to be of the <yth magnitude , 
and the faint nebulofity of very little extent (ft). 

June 11, 1787. Sufpeffed,ftellar. By a fecond obfervation 
it is verified, and called a very f mall fiar involved in extremely 
faint nebulofity (ft). 

November 25, 1788. A fiar of about the fih magnitude, 
furrounded with very faint milky nebulofity ; other filars of the 
fame Ji%e are perfectly free from that appearance. Lfs than 1' in 
diameter ; The ftar is either not round or double (d). 

March 23, 1789. A bright , confiderably well defined nucleus , 
with a very faint, fmall, round chevelure ft). 

The connexion admits of no doubt; but the objeCfc is not 
perhaps of the fame nature with thofe which I call cloiidy ftars. 

1 ! a l 

ft) RA. 7 16 28. PD. 68 39. 

ft) 23 11 26. 30 o. 

ft) 17 i 51. 47 26. 

(d) O I 57. 18 41, 

(«) II 12 25. 50 17. 
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April 14, 1789. A confderable, bright, round nebula ; hav¬ 
ing a large place in the middle of nearly an equal brightnefs , but 
left bright towards the margin («). 

This feems rather to approach to the planetary fort. 

March 5, 1790. A pretty confderahle Jlar of the gth or 10th 
magnitude, vifibly affected with very faint nebulofty of little 
extent, all around\ A power of 300 Jhewed the nebulofty of 
greater extent (f). 

The connection is not to be doubted. 

March 19, 1790. A very bright nucleus, with a fmall, very 
faint chevelure, exadlly round. In a low fituation, where the 
chevelure could hardly be feen, this object would put on the appear¬ 
ance of an ill-defined, planetary nebula, of 6, 8, or 10" diame¬ 
ter (c). 

November 13, 1790. A mofl fingular phenomenon! A far of 
about the 8 th magnitude, with a faint luminous atmofphere, of a 
circular form, and of about f in diameter. The Jlar is perfectly 
in the center , and the atmofphere is fo diluted, faint, and equal 
throughout, that there can be no furmije of its canfifiing of fiars ; 
nor can there be a doubt of the evident conncSiion between the atmo¬ 
fphere and the far. Another far not much lefs in brightnefs, and 
in the fame field with the above, was perfectly free from any fuch 
appearance (d). 

This laft objed is fo decifive in every particular, that we 
need not hefitate to admit it as a pattern, from which we are 
authorized to draw the following important confequences. 

(a) RA. xi 45' 1 a. PD, 33 43. 

( b ) 6 58 4O. 91 29. 

(f) 9 27 22 , 30 XI. 

W 3 5 6 48 . 59 5 °- 
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Suppofing the connexion between the ftar and its furround¬ 
ing nebulofity to be allowed, we argue, that one of the two 
following cafes mu ft neceffarily be admitted. In the firft place, 
if the nebulofity confift of ftars that are very remote, which 
appear nebulous on account of the fmall angles their mutual 
diftances fubtend at the eye, whereby they will not only, as 
it were, run into one another, but alfo appear extremely faint 
and diluted; then, what muft be the enormous fize of 
the central point, which out Chines all the reft in fo fuper- 
lative a degree as to admit of no comparifon ? In the next 
place, if the ftar be no bigger than common, how very fmall 
and comprefifed muft be thofe other luminous points that are 
the occafion of the nebulofity which furrounds the central 
one? As, by the former fuppofition, the luminous central 
point muft far exceed the ftandard of what we call a- ftar, fo, 
in the latter, the Chining matter about the center will be much 
too fmall to come under the fame denomination ; we therefore 
either have a central body which is not a ftar, or have a ftar 
which is involved in a Chining fluid, of a nature totally un¬ 
known to us. 

I can adopt no other fcntiment than the latter, fince the 
probability is certainly not for the exiftence of fo enormous a 
body as would be required to Chine like a ftar of the 8th mag¬ 
nitude, at a diftance fufficiently great to caufe a vaft Cyftem of 
ftars to put on the appearance of a very diluted, milky nebu¬ 
lofity. 

But what a field of novelty is here opened to our concep¬ 
tions ! A Chining fluid, of a brightnefs fufficient to reach us 
from the remote regions of a ftar of the 8th, 9th, 10th, nth, 
or 12th magnitude, and of an extent fo confiderable as to take 
up 3, 4, 5, or 6 minutes in diameter l Can we compare it to 
- - M 2 the 
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the corufcations of the electrical fluid in the aurora borealis ? 
Or to the more magnificent cone of the zodiacal light as we 
fee it in fpring or autumn ? The latter, notwithftanding I 
have obferved it to reach at leaf! 90 degrees from the fun, is 
yet of fo little extent and brightnefs as probably not to be 
perceived even by the inhabitants of Saturn or the Georgian 
planet, and muff be utterly invifible at the remotenefs of the 
neareft fixed liar. 

More extenfive views may be derived from this proof of the 
exiftence of a (hilling matter. Perhaps it has been too haftily 
furmifed that all milky nebulofity, of which there is fo much 
in the heavens, is owing to flarlight only. Thefe nebulous 
liars may ferve as a clue to unravel other myfterious phaeno- 
mena. If the (hining fluid that furrounds them is not fo effen- 
tially connected with thefe nebulous liars but that it can alfo 
exill without them, which feems to be fufficiently probable, 
and will be examined hereafter, we may with great facility 
explain that veiy extenfive, tclefcopic nebulofity, which, as I 
mentioned before, is expanded over more than fixty degrees of 
the heavens, about the conflellatipn of Orion; a luminous 
matter accounting much better for it than clullering liars at a 
diftance. In this cafe we may alfo pretty nearly guefs at its 
(situation, whioh mud commence fomewbere about the range of 
the liars of the 7th magnitude, or a little farther from us, and 
extend unequally in feme places perhaps to the regions of 
thofe of the 9th, 10th, nth, and 12th. The foundation for 
this furmife is, that, not unlikely, fome of the liars that hap¬ 
pen to be fituated in a more condenfed part of it, or that per¬ 
haps by their own attraction draw together fome quantity of 
this fluid greater than what they are articled to by their fitua- 
t'1011 in it, will, of courfe, affume the appearance of clqudy 
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liars; and many of thofe I have named are either in this ftra- 
tum of luminous matter, or very near it. 

We have faid above, that in nebulous liars the exigence of 
the fliining fluid does not feem to be fo eflentially connedted 
with the central points that it might not alfo exill without 
them. For this opinion we may affign feveral reafons. One 
of them is the great refemblance between the chevelure of 
thefe liars and the diffufed extenfive nebulofity mentioned 
before, which renders it highly probable that they are of the 
fame nature. Now, if this be admitted, the feparate exiftence 
of the luminous matter, or its independance on a central 
liar, is fully proved. We may alfo judge, very confidently, 
that the light of this fhining fluid is no kind of reflection from 
the liar in the center; for, as we have already obferved, 
refledted light could never reach us at the great dillance we are 
from fuch objedts. Befides, how impenetrable would be an 
atmofphere of a fufficient denfity to refledt fo great a quantity 
of light ? And yet we obferve, that the outward parts of the 
chevelure are nearly as bright as thofe that are clofe to the liar; 
fo that this fuppofcd atmofphere ought to give no obftrudtion 
to the paflage of the central rays. If, therefore, this matter 
is feif-luminous, it feeras more fit to produce a liar by its 
condenfation than to depend on the liar for its exiftence. 

Many other diffufed nebulofities, befides that about the 
conftellation of Orion, have been obferved or fufpedted; but 
fdme of them are probably very diftant, and run out far into 
fpace. For inftance, about 5 minutes in time preceding g 
Cygni, I fufpedt as much of it as covers near four fquare 
degrees; and much about the fanae quantity 44/ preceding the 
125 Tauri. A fpace of alraoft 8 fquare degrees, 6 ' preceding 
« Trianguli, feems to be tinged with milky nebulofity. Three 

minutes 
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minutes preceding the 46 Eridani, ftrong, milky nebulofity is 
expanded over more than two fquare degrees. 54' preceding 
the 13th Canum venaticorum, and again 48' preceding the 
fame ftar, I found the field of view affe&ed with whitifh 
nebulofity throughout the whole breadth of the fweep, which 
was 2° 39''. 4'' following the 57 Cygni, a confiderable fpace 

is filled with faint, milky nebulofity, which is pretty bright in 
fome places, and contains the 37th nebula of my Vth clafs, in 
the biighteft part of it. In the neighbourhood of the 44th 
Pifcium, veiy faint nebulofity appears to be difFufed over more 
than 9 lquaie degrees of the heavens. Now, all thefe phe¬ 
nomena, as we have already feen, will admit of a much 
eafier explanation by a luminous fluid than by ftars at an 
immenfe diftance. 

The nature of planetary nebula;, which has hitherto been 
involved in much darknefs, may now be explained with fome 
dtgiee of fatisfadlion, fince the uniform and very confiderable 
brightnefs of their apparent difk accords remarkably well with 
a much condenfed, luminous fluid; whereas to fuppofe them 
to confift of cluttering ftars will not fo completely account for 
the milkinefs or foft tint of their light, to produce which it 
would be required that the condensation of the ftars fhould be 
carried to an almoft inconceivable degree of accumulation. 
The furmife of the regeneration of ftars, by means of pla¬ 
netary nebulae, expreffed in a former Paper, will become more 
probable, as all the luminous matter contained in one of them, 
when gathered together into a body of the fize of a ftar, would 
have nearly fuch a quantity of light as we find the planetary 
nebula to give. To prove this experimentally, we may view 
them with a telefcope that does not magnify fufficiently to 
fhew their extent, by which means we fhall gather all their 

light 
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light together into a point, when they will be found to affume 
the appearance of fmall flars; that is, of flars at the diflance 
of thofe which we call of the 8th, 9th, or 10th magnitude. 
Indeed this idea is greatly fupported by the difcovery of a well 
defined, lucid point, refembling a flar, in the center of one of 
them : for the argument which has been ufed, in the cafe of 
nebulous liars, to {hew the probability of the exiflence of a 
luminous matter, which refled upon the difparity between a 
bright point and its furrounding fhining fluid, may here be 
alledged with equal juflice. If the point be a generating flar, 
the further accumulation of the already much condenfed, 
luminous matter, may complete it in time. 

How far the light that is perpetually emitted from millions 
of funs may be concerned in this fhining fluid, it might be 
prefumptuous to attempt to determine; but, notwithftanding 
the unconceivable fubtilty of the particles of light, when the 
number of the emitting bodies is alrnofl infinitely great, and 
the time of the continual emiffion indefinitely long, the quan¬ 
tity of emitted particles may well become adequate to the cou- 
flitution of a fhining fluid, or luminous matter, provided a 
caufe can be found that may retain them from flying off, or 
reunite them. But fuch a caufc cannot be difficult to guefs at, 
when we know that light is fo eafily reflected, refraCtcd, iu- 
fle&ed, and deflected; and that, in the immenfe range of its 
courfe, it muft pafs through innumerable fyflems, where it 
cannot but frequently meet with many obflacles to its recti¬ 
linear progreffion. Not to mention the great counteraction of 
the united attractive force of whole fidereal fyflems, which 
muft be continually exerting their power upon the particles 
while they are endeavouring to fly off. However, we {hall lay 
110 flrefs upon a furmife of this kind, as the means of veri- 
1 fying 
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.lying it are wanting: nor is it of any immediate confcquencc 
to us to know the origin of the luminous matter. Let it fuf- 
ficc, that its exiftence is rendered evident, by means of nebu¬ 
lous ftars. 

I hope it will be found, that in what has been faid I have 
not launched out into hypothetical reafonings; and that fads 
have all along been kept fufficiently in view. But, in order to 
give every one a fair opportunity to follow me in the refledions 
I have been led into, the place of every objed from which I 
have argued has been purpofely added, that the validity of 
what I have advanced might be put to the proof by thofe who 
are inclined, and furnifhed, with the neceffary inftruments to 
undertake an attentive and repeated infpedion of the fame 
phenomena. 

W. HERSCHEL. 

Slough, Jan. i, 1791. 
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V, Abftraffi of a Regijler of the Barometer, ‘Thermome- 
ter, and Rain, at Lyndon in Rutland; by Thomas Barker, 
Ef.; with the Rain in Hampftiire and Surrey; for the Tear 
1789. Communicated by Thomas White, Efq. F.R.S. 
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MANY have thought, that a hard winter generally comes 
after a wet fummer, when the ground has been chilled with 
cold and rain; fo the great froft in 1740 came after a cold wet 
fummer 1739; but it was not fo in 1788, which was in ge¬ 
neral a dry fummer, and in fome places very much fo, and 
not defective in hot weather. The whole yeai’s rain was 17 
inches, which is lefs than any year fiuce 1750. The autumn 
was dry and fine, and fo free from frofts, that leveral au¬ 
tumnal flowers Were flowering in the garden when the froft 
began, which are often cut off a month or more earlier. 

The laft day I have mentioned as mild was Nov. 22. and 
the firft day of the froft Nov. 26 ; it began in Hampfhire 
three days fooner. But for more than the firft fortnight it was 
very moderate, often freezing at night and thawing in the day; 
and it began to be fevere Dec. 12.; was exceeding cold, and 
fome very (harp winds, and, as there was then no confiderable 
fnow, it entered deep into the ground. An imperfedt thaw, 
Dec. 24, and 25. was followed by a great fnow, and the froft 
returned as hard as ever. There came fnow again fevcral 
times; and it lay fo loofe and hard frozen on the ground, as 
to be often driving about into very great heaps; till January 13, 
1789, when, in one of the worft days of all for ftorm, fnow, 
and driving, it began to thaw at night; yet the ground was fo 
hard frozen and cold, efpecially where paths had been fwept, 
that the moifture of the air continued freezing for fome days 
longer in cakes of ice on the bare ground and ftones. 

It was remarkable that this froft was feverer fouthward than 
northward, in France than England. It froze over our great 
rivers, yet not fo as to venture to build on them, as was done 

in 
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in 1 74 0, It alfo froze the much larger rivers of Europe, and 
was in moft parts a fevere winter; but to the north and north- 
weft of us, it appears not to have been fo, and that it was 
moderate in Scotland, and was chiefly great fnows in Ireland. 

The air was very fharp during the froft, and it froze ex¬ 
ceeding hard, even within doors; yet I have feen the thermo¬ 
meter lower in other frofts than it was in this. The loweft I 
faw was Jan. 12. at 13T ; but in Jan. 1786, it was down at 
ii°i; in the fevere froft Jan. 1776, it was 11° and io°; 
Feb. 1784, at 9 0 ; Dec. 1783, at 8°|; and one morning, 
Feb. 12, 1771, it was down at 4% which is the loweft I ever 
faw it. 

The froft from Dec. 1739 to Feb. 1740 was the greateft I 
ever knew, and many trees, fhrubs, and plants, were killed 
by it, or nearly fo; but in general they efcaped this winter. 
In moft gardens every plant of rofemary was killed that year, 
few or none were much hurt this winter. In 1740, the wheal; 
in many countries received great damage; in this froft I be¬ 
lieve it was very little hurt. Moft of the branches of com¬ 
mon furze were killed in 1740-,' many quite down to the 
ground, and fome were entirely deftroyed; and 1 have known 
many fufFer much, and fome killed, in 1776, and other hard 
winters; but this year only a few were much hurt. Many 
turneps were frozen in the fields this year, a husbandry not fo 
much pra&ifed in 1740; and many apples and pears were 
frozen in the houfe, where they were not carefully preferved; 
yet, I think, there was lefs of this than was apprehended. 
Artichokes, I think, fuffered as much as moft things in the 
garden; fome were killed, and others fo hurt as to prevent 
their bearing, but many efcaped; but there was a greater Infs 
among them in 1740, 

N a 
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Many walnut-trees were fplit from the collar to the root by 
the great fioft in 1740, fo that a knife might be tliruft in 
eight or ten inches j the clefts clofed again in fummer, but 
never united. They giew out into a team higher than the 
reft of the wood, and have fo continued ever fince, yet with¬ 
out hurt either to the growth or bearing of the trees, and 
feveral of them were again fplit by the late froft. Such feams 
may be feen on many walnut-trees where the caufe is not 
remembeitd. It fee ms odd, that clefts which did not affeft 
the growth of a tree ftiould yet never heal, but remain an inde¬ 
lible mark for fo long a time; but it feems to me, that if 
wood is once parted, it will never join again, for the whole 
growth of a tree is between the bark and the wood; but 
the cleft may be covered over with new wood, as we fome- 
times fee a branch broken off when the tiee is young covered 
over with, a great thicknefs of timber. I have known feveral 
afh trees fplit by lightning without a twig being killed ; but, 
in feveral years they flood afterward, there weie no f:gns of 
their uniting again. In an oak, which had fome bark ftruck 
off by the fame means laft year, but is not fplit that I know 
of, fome of the Idler branches withered. 

One tiling feems to have been more common this year than 
in 1740, and that was the lofs of filh in ponds. Where 
the ponds were deep, well fupplied with water, and the ice 
unbroken, no fifh died; but where the water was fhallow, 
little or no current, and the ice kept bioken, many peiilhed; 
and in fome places, where all thefe caufes concurred, they 
were all killed. The difference might arife from the want of 
water thisyear.after a dry autumn, of which there was no deffd: 
in 1739* Carp were taken out of a pond where the ice was, 
broken, fiozcn crooked and ftiff without the leaft motion, and 
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Ice hanging about them; blit, being laid on dry ft raw in a 
cellar, they all recovered. Some have made a practice of 
breaking the ice to give the fifh air; but, by all the examples 
1 heard of in this froft, it appears to be a great miftake, and 
that they are much fafer without it. 

Times of di ft refs will make creatures look out for unufual 
food. A land animal does not feem naturally to live on fifh; 
but in this froft a fox was frequently tracked to the mouth of 
a covered drain, juft deep enough to let in the fifh from a pond, 
and was one morning feen eating one on the bank, the blood of 
which was traced on the fnow to the drain, fhewing plainly 
that it came from thence. 

After the froft broke it was windy and wet, and the air did 
not become mild for ten days or a fortnight; and the ground 
was fo dry within, that the melting of the fnow and the rain 
together did not make great floods. It continued often windy 
and fhowery till March; but from the latter end of January 
it was, as to warmth, mild. With March the winter returned, 
there was almoft conftant north winds, frofty mornings or quite 
fioft, and fometimes hard and frequent fnow. This flopped 
the feed time, which was begun before, and made it late; but 
when it did come, It was good. The fpring was backward, 
and fiequent frofty mornings; but mended gradually, and 
things came on, though flowly, and the fpring was dry till the 
middle of May. 

Then came a fhowery and fine growing time for three weeks, 
and after a fhort time it became hot and dry. The middle of June 
a wet feafon began with a very great rain, and it was wet without 
interruption till the end of July. There was a great deal of hay 
made this year, but little of it right good. Many of the mea¬ 
dows were flooded; the uplands could not be well gotten for 
3 the 
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the wet; there were great eddifhes, and a vaft deal of late 
grafs, much of which was well made into hay iti Auguft, 
which was a fine dry fummer month ; but fuch late grafs is 
not fo good as the earlier. This month was rather an interrup¬ 
tion than a ceafing of the wet feafon, which began again thebe- 
ginning of September, and continued to the end of the year, 
but the tain fell in lefs quantity from the middle of Oftober to 
the middle of December; but the feafon has been very open 
and mild, fcarcely any froft, and the ground ftiii green at 
"Chriftmas. 

The fummer was fo wet there was very little honey this 
year. The growth of trees was very great; many (hoots were 
three and four feet long or mote ; and a young afh tree, of fix 
feet high, in the garden, made a fhoot five feet and an half 
long, and as thick as a finger. The grain was very rank and 
foul; there was bulk enough upon the ground, but it yielded 
very badly to the threfher, perhaps not greatly amifs to the 
acre. Harveft being late, but little was got in during the fine 
month of AugufL the white corn was however carried in 
tolerable order; but a great many of the beans and peafe 
were fpoiled. 
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VI. Obfervations on certain horny 'Excrefcences of the Human 
Body. By Everard Home, Efq. F. R. S. 

Read February 17, 1791. 

T HE hiftory of difeafes belongs not propeily to the pro¬ 
vince of the naturalift or philofopher; it is intimately 
connected with the inquit ies of the phyfician and anatomift ; 
but when difeafe becomes a caufe of the formation of parts 
fimilar to others exifting in natuie, but rendered uncommon by 
novelty of iituatton, 01 produced in animals to which they are 
not naturally appropriated, it may be confidered as having in- 
ftituted a monftrous variety, highly deferving of attention from 
the naturalift. 

To defcribe fuch varieties is indeed more fully the office of 
natural hiftory than of medicine ; but the inveftigation of dif¬ 
eafes which are found to fubvert the ordinary laws of nature 
refpeCting the fituation or production of parts in an animal 
body, undoubtedly belongs to the medical practitioner. 

By thefe confiderations I have been induced to lay before the 
Royal Society the following account of a difeafe which occurs 
fometimes in the human body, very remarkable in its eftlCls, 
but very little underflood as to its caufe ; namely, the pro¬ 
duction of an excrefcence fimilar to a horn. So cuiious a phe¬ 
nomenon has naturally attracted the attention of the, ignorant 
a-s well as the philofopher; and the individuals who have had 
the misfortune to be fubjeCt to this difeafe have been confidertd 
as tnonfteis. 

Horny excrefcences arifing from the human head have not 
only occurred in this country, but have been met with in fe- 
1 veral 
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veral other parts of Europe; and the horns themfeives have been, 
depofited as valuable curiofities in the firft collections in Europe. 

In giving the hiftory of a difeafe fo rare in its occurrence, 
and in its effects fo remarkable as almoft to exceed belief, it 
might be thought right to take fome pains in bringing proofs to 
ascertain that fuch a difeafe does really exift: I confider the 
doing fo as lefs neceffary at prefent, there being two women 
now alive, and refiding in England, who are afTefted by the 
complaint. I fhall, however, in the courfe of this Paper, 
bring other evidence from the teftimony of the moll refpe&able 
authors who have confidered this fubject. 

The two following cafes contain a very accurate and diftinCt 
hiftory of the progrefs of the difeafe through its different ftages, 
and make any further detail of the fymptoms iatirely unne- 
^ceffary. 

Mrs. Lonsdale, a woman 56 years old, a native of Horn- 
caftle in Lincolnfhire, fourteen years ago, obferved a moveable 
tumor on the left fide of her head, about two inches above the 
upper arch of the left ear, which gradually increafed in the 
courfe of four or five years to the fize of a pullet’s egg, when it 
hurft, and for a week continued to difcharge a thick, gritty 
fluid. In the center of the tumor, after the fluid was dis¬ 
charged, fhe perceived a fmall foft fubftance, of the fize of a 
pea, and of a reddifh colour on the top, which at that time fhe 
took for proud flefh. It gradually increafed in length and 
thicknefs, and continued pliable for about three months, when 
it firft began to put on a horny appearance. In two years and 
three months from its firft formation, made defperate by the 
increafed violence of the pain, fhe attempted to tear it from her 
head; and with much difficulty, and many efforts, at length 
broke it in the middle, and afterwards tore the root from her 
head, leaving a confiderable depreffion which ftill remains in 
' • the 
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the part where it grew. Its length altogether is about five 
inches, and its circumference at the two ends about one inch; 
but in the middle rather lefs. It is curled like a ram’s horn 
contorted, and in colour much refembling ifinglafs. 

From the lower edge of the depreffion another horn is now 
growing, of the fame colour with the former, in length about 
three inches, and nearly the thicknefs of a fmall goofe quill; 
it is lefs contorted, and lies clofe upon the head. 

A third horn, fituated about the upper part of the lambdoidal 
future, is much curved, above an inch in length, and more in 
circumference at its root: its direction is backwards, with fome 
elevation from the head. At this place two or three fucceflive 
horns have been produced, which fhe has conftantly torn 
away; but, as frefh ones have fpeedily followed, Ihe leaves the 
prefent one unmolefted in hopes of its dropping off. 

Befides thefe horny excrefcences, there are two tumors, each 
the fize of a large cockle ; one upon the upper part, the other 
about the middle of the left fide of the head; both of them 
admit of confiderable motion, and feem to contain fluids of un¬ 
equal confidence; the upper one affording an obfcure fluctua¬ 
tion, the other a very evident one. 

The four horns were all preceded by the fame kind of in- 
cyfted tumours, and the fluid in all of them was gritty; the 
openings from which the matter Hiked were very fmall, the 
cyfts collapfed and dried up, leaving the fubftance from which 
the horn proceeded diftinguifhable at the bottom. Thefe cyfts 
gave little pain till the horns began to fhoot, and then became 
very diftreffing, and continued with Abort intervals till they 
were removed. This cafe is drawn up by the furgeon who 
attended the woman for many years, which gave him frequent 
Vo l. LXXXI. O ’ oppor- 



9 * 'Mr. Home’s Ohfervations on 

opportunities of feeing the difeafe in its different ftages, and 

acquiring an accurate hlffoiy of its fymptoms. 

Mrs. Allen, a middle-aged woman, refident in Leicefter- 
fihire, had an incyfted tumor upon her head, immediately under 
the fcalp, very moveable, and evidently containing a fluid. 
It gave no pain unlefs prefled upon, and grew to the fize of a 
fmall hen’s egg. A few years ago it burft, and difcharged a 
fluid ; this diminifhed in quantity, and in a fhort time a horny 
excrefcence, flmilar to thofe above mentioned, grew out from 
rhe orifice, which has continued to increafe in ihze; and in the 
month of November 1790, the time I faw it, was about five 
inches long, and a little more than an inch in circumference at 
its bafe. It was a good deal contorted, and the furface very 
irregular, having a laminated appearance. It moved readily 
with the fcalp, and feemed to give no pain upon motion; but, 
when much handled, the furrounding fkiu became inflamed. 
This woman came to London, and exhibited herfelf as a fhow 
for money ; and it is highly probable, that fo rare an occur¬ 
rence would have fufficiently excited the public attention to 
have made it anfwer her expectations in point of emolument, 
had not the circumftance been made known to her neighbours 
in the country, who were much diflatisfied with the meafure, 
and by their importunity obliged her hufband to take her into 
the country. 

That the cafes which 1 have related may not be' confidered as 
peculiar inftances from which no conclufions can be drawn, it 
may not be amifs to take notice of fome of the moft remarkable 
hiftories of this kind, mentioned by authors, and fee how far 
they agree with thofe I have ftated, in the general characters 
that are fufficiently obvious to ftrike a common obferver; for 
the vague and indefinite terms in which authors exprefs them- 

felves 
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felves on this fubje£t (hew plainly, that they did not under- 
ftand the nature of the difeaie, and their accounts of it are not 
very fatisfaSory to their readers. 

In the Ephemerides Academia Natures Curiofomm there are two 
cafes of horns growing from the human body. One of thefs in- 
fiances was a German woman *, who had feveral fwellings, or 
ganglions, upon different parts of her head, from one of 
which a horn grew. The other was a nobleman f, who had a 
fmall tumor, about the fize of a nut, growing upon the parts 
covering the two laft or lowermoft vertebras of the back. It 
continued for ten years, without undergoing any apparent 
change; but afterwards enlarged in fize, and a horny excref- 
cence grew out from it. 

In the Hiflory of the Royal Society of Medicine J, there is 
an account of a woman, 97 years old, who had feveral tu¬ 
mors on her head, which had been 14 years in growing to the 
Rate they were in at that time : (he had alfo a horn which had 
originated from a fimilar tumor. The horn was very move- 
able, being attached to the fcalp, without any adhefion to the 
fcull. It was fawn off, but grew again, and although the ope¬ 
ration was repeated feveral times, the horn always returned. 

Bartholine, in his Epiftles §, takes notice of a woman 
who had a tumor under the fcalp, covering the temporal 
mufcle. This gradually enlarged, and a horn grew from it, 
which had become twelve inches long in the year 1646, the 
time he faw it. He gives us a reprefentation of it, which bears 
a very accurate refemblance to that which I have mentioned 
to have feen in November 1790. No tumor or fwelling is 

* Ephem. Acad. Nat. Cur. Dec. iii. An. V. Append, p. x'48. 

f Ibid. Dec. i. An. I. Obfervat. 30. 

£ Hiftoire de la Societe Royale de Medecine, 1776, p. 316, 

| Epiflol. Thom. Barthox,. 
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expreflfed in the figure; but the horn is coming dire&ly out 
from the fur face of the Ikin. 

In the Natural Hiftory of Cheshire *, a woman is men¬ 
tioned to have lived in the year 1668, who had a tumor or 
wen upon her head for 32 years, which afterwards enlarged, 
and two horns grew out of it; {he was then 72 years old. 

There is a horny excrefcence in the Britifh Mufeum, which 
is eleven inches long, and two inches and a half in circum¬ 
ference at the bafe, or thickeft part. The following account 
of this horn I have been favoured ■with by Dr. Gray, taken 
from the records of the Mufeum. A woman, named French, 
who lived near Tenterden, had a tumor or wen upon her head, 
which increafed to the fize of a walnut; and in the 48th year of 
her age this horn began to grow, and in four years arrived at 
its prefent fize f. 

There are many fimilar hiftories of thefe horny excrefcences 
in the authors I have quoted, and in feveral others; but thofe 
mentioned above are the molt accurate and paiticular with 
refped to their growth, and in all of them we find the origin was 
from a tumor, as in the two cafes I have related ; and although 
the nature of the tumor is not particularly mentioned, there 
can be no doubt of its being of the incyfted kind, fince in its 

* Lee’s Natural Hiftory of Lancafliire and Chelhite. 

f The following extract is taken from the Minutes of the Ro } at Society, Feb. 
14, 1704-5. 

44 -A Letter was read from Dr. Chaeiere, at Barnftaple, concerning a horn, 
“ feven inches long, cut off the fecond vertebra of the neck of a woman ia that 

neighbourhood* 

** -^ r * Gregory fhid, that one of feven inches long, and of a dark brown 
44 colour, was cut off from a woman’s temple at Edinburgh, 

Dr* Norris fakl* that two horns had been cut off from a woman’s bead 
u in Chcihtre. 

progrefs 
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progrefs it exa&ly refembled them, remaining ftationary for a 
long time, and then coming forwards to the fkin; and the 
horn being much fmaller than the tumor previoufly to the for¬ 
mation of the horn, is a proof that the tumor muff have burft, 
and difcharged its contents. 

From the foregoing account it muft appear evident, that 
thefe horny excrefcences are not to be ranked among the ap¬ 
pearances called lufus nature : nor are they altogether the pro¬ 
duct of difeafe, although undoubtedly the confequence of a 
local difeafe having previoufly exiffed ; they are, more properly 
fpeaking, the refult of certain operations in the part for its own 
reftoration; but the actions of the animal oeconomy being 
unable to bring them back to their original ffate, this fpecies 
of excrefcence is formed as a fubftitute for the natural cuticu- 
lai; covering. 

To explain the manner in which thefe horns are formed, it 
will be neceffary to confider the nature of ineyfted tumors a 
little more fully; and in doing fo we fhall find, that this par¬ 
ticular fpecies does not differ in its principle, nor materially in 
its effects, from many others which are not uncommonly met 
with in the human body, as well as in thofe of many other 
animals, which, as they are more frequent in their occurrence, 
are alfo much better underftood. 

Ineyfted tumors differ exceedingly among themfclves, both 
in the nature of their contents, and in their progrefs towards the 
external furface of the body. Many of them have no reference 
to our prefent purpofe; it is only the more indolent kind to 
which I mean now to advert: fame of thefe, when examined, 
are not found to contain a fluid, but a fmail quantity of thick, 
curd-like matter, mixed with cuticle broken down into fmail 
parts, and upon expoiing the internal furface of the cyft, it is 
‘ found 
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found to have an uniform cuticular covering adhering to it, fitni- 
lar to that of the cutis on the furface of the body, fro or which 
it only differs in being thinner, and more delicate, bearing a 
greater refemblance to that which covers the lips. Others of 
this kind, in dead of having cuticle for their contents, are filled 
with hair mixed with a curdled {abidance, or hair without any 
admixture whatever, and have a fimilar kind of hair growing upon 
their internal furface, which, is likewife covered with a cuticle. 
Thefe cuticular incyfted tumors were, I believe, firft accurately 
examined by Mr. Htjnter, to whom we are likewife indebted 
for an explanation of the mode in which the parts acquire this 
particular ftru&ure. 

Mr, Hunter confiders the internal furface of the cyft to 
be fo circumftanced refpe&ing the body, as to lofe the fti- 
mulus of being an internal part, and receive the fame im- 
prefiion from its contents, either from their nature, or the 
length of application, as the furface of the Ikin does from its 
external fituation. It therefore takes on actions fuited to fuch 
ftimuli, undergoes a change in its ftrufture, and acquires a dif- 
pofition fimilar to the cutis, and is confequently pofleffed of 
the power of producing cuticle and hair. What the mode of 
action is, by which this change is brought about, is not eafily 
determined ; but from the indolence of thefe complaints, it 
moft probably requires a confiderable length of time to produce 
it. That the lining of the cyft really does poffefs powers fimi¬ 
lar to cutis, is proved by the following circumftances: that it 
has a power of forming a fucceflion of cuticles like the com¬ 
mon (kin; and what is thrown off in this way is found in the 
cavity of the cyft. It has a fimilar power refpedting hair, and 
fometimes the cavity is filled with it, fo great a quantity has 
been ftied by the internal furface. Befides thefe circumftances, 
2 the 
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the hair found in the cyft correfponds in appearance with that 
which grows upon the body of the animal; and when incyfted tu¬ 
mors of this kind form in fheep, they contain wool. What is ftill 
more curious, when fuch cyfts are laid open, the internal fur- 
face undergoes no change from expofure, the cut edges cica¬ 
trize, and the bottom of the bag remains ever after an external 
furface. Different fpecimens, illuftrative of the above-men¬ 
tioned circumftances, are preferved in Mr. Hunter’s collec¬ 
tion of difeafes. 

The cyfts that produce horny excrefcences (which are only 
another modification of cuticle) are very improperly confidered 
as giving rife to horns j for if we examine the mode in which 
this fubftance grows, we fhall find it the fame with the human 
nails, coming dire&Iy out from the furface of the cutis. It 
differs from the nails in not being fet upon the {kin by a thin 
edge, but by a furface of fome breadth, with a hollow in the 
middle, exactly in the fame manner as the horn of the rhino¬ 
ceros * ; at leaft this is evidently the cafe in the fpecimen pre¬ 
ferved in the Britifh Mufeum, and in one which grew out from 
the tip of a flieep’s ear; they are alfo folid, or nearly fo, in 
their fubftance. 

This mode of growth is very different from that of horns, 
tohich are all formed Upon a core, either of bone or foft parts, 
by which means they have a cavity in them; a ftrudlure pecu¬ 
liar to this kind of cuticular fubftance. 

Incyfted tumors in different animals would appear, from 
thefe obfervations, to be confined in their production to die 

* The horn of the Rhinoceros Is a cuticular appendage to the Ikin, fimilar to 
nails and other cuticular excrelcences, being in no refpeft allied to horns but in 
the external appearance* 

eutieular 
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cuticular fubftance proper to the animal in which they take 
place; for, although cuticle, hair, nail, hoof, and horn, are 
equally productions of animal fubftance, only differing in tri¬ 
vial circumftances from each other, we do not find in the 
human fubjeCI: any inftance of an incyfted tumor containing a 
fubftance different from the cuticle, hair, and nails of the 
human body, to which laft the homy excrefcences, the fub- 
jeCt of the prefent Paper, are certainly very clofely allied, both 
in growth, ftruCture, and external appearance; and when of 
fome length, they are found t-o be fo brittle as to break in two, 
upon being roughly handled, which could not happen either to 
hoof or horn. In the fheep they produce wool inftead of hair; 
and in one inftance in that animal, where they gave rife to an 
horny excrefcence, it was lefs compact in its texture, and lefs 
brittle than fimilar appearances in the human fubjeCt; upon 
being divided longitudinally, the cut furface had more the ap¬ 
pearance of hoof, and was more varied in its colour than nail. 

Incyfted tumors being capable of producing horns, upon 
the principle we have laid down, is contrary to the ufual 
operations of nature; for horns are not a production from 
the cutis, and although not always formed upon a bony 
core, but frequently upon a foft pulp, that fubftance differs 
from common cutis in its appearance, and extends a confidera- 
way into the horn : it is probable, that this pulp requires a 
particular procefs for its formation *. 

* A flieep, about four years old, had a large born, three feet long, growing 
upon its flank. It had no connexion with bone, and appeared to be only attached 
to the external Ikin. It dropped off in confequence of its weight having produced 
ulceration in the foft parts to which it adhered. Upon examining it there was 
a flefliy fubfhnce, feven inches long, of a fibrous texture filling up its cavity 
upon which the horn had been formed. 
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I {hall conclude this Paper bj obferving, that the cafes of 
horns, as they are commonly termed, upon the human head, 
are no more than cuticular produdions arifing from a cyft, 
which in its nature is a variety of thofe tumors deferibed by 
Mr. Hunter under the general name of cuticular ineyfted 
tumors 

Thefe ineyfted tumors, when confidered as varieties of the 
fame difeafe, form a very complete .and beautiful feries of the 
different modes by which the powers of the animal oeconomy 
produce a fubftitute for the common cuticle upon parts which 
have been fo much affe&ed by difeafe as to be unable to reftore 
themfelves to a natural ftate. 

% The principle upon which the production of thefe excrefcences depends 
being once explained, the modes of preventing their formation, and removing 
them when formed, will be readily underftood, the definition of the cyft being 
all that is required for that purpofe. This may be done before the tumor opens 
externally, or even after the excrefcence has begun to fhoot out, and will be 
better effe&ed by difie&ion than efcharotics, lines the fuccefs of the operation 
depends upon the whole of the bag being removed. 
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VII. Confderations on the Convenience of meafuring an Arch of 
the Meridian, and of the Parallel of Longitude , having the 
Cbfervatory of Geneva for their common InterfeElion. By 
Mark Auguftus Pi&et, Profffor of Phtlofophy in the Aca~ 
demy of Geneva; in a Letter to Sir Jofeph Banks, Bart . 
P. R.S. ' 


l^ead February 24, 1791, 


SIR, 

T HE accurate knowledge of the dimenfions and true figure 
of the earth is not a matter of mere curiofity. Agro¬ 
nomy and navigation are fo clofely connected with it, that the 
philofophers of the prefent century have purfued this enquiry 
through the raoft difcouraging difficulties; and governments 
themfelves have contributed confiderable fums towards its 
fuccefs. 

We know that, not with ft an ding thefe efforts, the end is not 
yet obtained. There are five different conclufions on this fub- 
jeffc; one of which is given by Sir Isaac Newton’s theory; 
the others are the refult of four different meafurements, which 
appear the moft creditable among thofe that have been per¬ 
formed. The extremes give and , 4 -t f° r the difference 
between the polar and equatorial diameters of the earth, that 
is, two fractions, one of which is more than double the other. 
The caufe of thefe difagreements is yet unknown; perhaps 
the figure of the earth is really irregular; perhaps the feverai 

meafure- 
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meafurements have not been executed with the very minute 
exadnefs requifite in fo nice and fo important an undertaking. 

The liberal and well-conducted operations carried on by the 
Royal Society, under the direction of the late General Roy, 
for the trigonometrical determination of the diftance between 
the Obfervatories of Greenwich and Paris, render this laft 
fuppofition extremely probable. It now feems evident, that 
the fubftances employed before for the actual meafurement of 
the bafes rnuft have been influenced in their length by pyro- 
metrical and hygrometrical effects, which were either unknown 
or ill-eftimated at that time. The inftruments alfo for obferv- 
ing the celeftial and terreftrial angles were far from the per¬ 
fection to which they have fince been brought. In a word, the 
whole of the work Ihould be again undertaken with the far 
greater degree of accuracy which is now within our reach. 

Struck with the importance of thefe faffs, I take the liberty 
of transmitting to you, Sir, for the confideration of the Royal 
Society, the prefen t plan for meafuring, by a commiffion of its 
Members, an arch of the meridian, and of a parallel of longitude, 
having the Obfervatory of Geneva for their common point of 
interfedion. Frequent excurfions in our neighbouring moun¬ 
tains have convinced me, not only that the meafurement could 
ie made, but that it would be perhaps the mo ft eafily executed 
of any hitherto atcempted. The rough lketch, with its expla¬ 
nation, joined to the prefent Paper, will give fome account of 
the particulars which I have been able to colled relative thereto. 
At prefent I Ihali only lay before the Society a general furvey 
of the undertaking. 

The beft maps place the town of St. Jean de MaurUnne nearly 
fouth of Geneva, at the diftance of about 58 minutes of lati¬ 
tude. It would be impoffible to extend the meafurement 

P 2 farther 
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farther fouthwards,the central and inacceffible chain of the Alps 
being in the way ; but if a greater arch fhould be defired, it 
might be eaflly protracted about 26 minutes north of Geneva. 

I lately made an excurfion to St. Jean de Maurienne, to exa¬ 
mine whether the pofitiou of the town would be convenient in 
other refnects ; and if, in particular, the lateral attraction of 
feme neighbouring mountain was not to be feared. It appeared 
to me, that the place being furrounded by mountains of nearly 
equal maffes, and fituated at almoft equal diftances, their 
effeCts would be hardly perceptible ; and, fuppofing there fhould 
remain any doubt about their influence, this influence might 
be eafily afeertained by zenith diftances, obferved at the two 
extremities of a little plain in which the town is built, and 
compared with the real diftance of the ftations, determined by 
an aCtuai meafurement. That town being the refidence of 
a bifhop, and containing near 3000 inhabitants, might furniffi 
the obfervers with a convenient building for the zenith feCtor, 
and the occasional help and necefiarics which might be required. 
The great port- road from hence into Italy, over Mount Gcnis, 
palling through it, is alfo an advantageous circumftance. 

The difpolition and bearing of the vallics from that town, 
which would be the fouthernmoft extremity of the arch, is 
advantageous for the feries of triangles: for I have feen 
from the top of a mountain near St. Jean, called Le Mont 
Sapey, two parallel chains extending to the north on both Sides 
of the river Arc, and there appeared to be, in their fummits a 
great choice for convenient Stations, as far as the confluence of 
the Arc and the river I/ere near Aiguebelle , from whence the 
mountains in the parallel of Qhamhert are all vifible. From 
this Inffc parallel to Geneva, and farther, there are not only no 
difficulties, but the ftations are for the greateft part already deter¬ 
mined. 
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mined. The mountains and lines drawn in black, on the map fub- 
joined (Tab.lL), fhew the ftations and triangles already obferved ; 
thofe in red * are only prefumed, but their places will probably 
differ little in reality from thofe which are there indicated. The 
map, as to the ft nation of mountains, has no pretenfions but 
to fuch an exadnefi, as may refult from angles obferved with a 
Hadley’s fextant, without a reduction to the horizon ; but 
the fituation and figure of our lake is exadly true, being the 
refult of a minute and accurate furvey taken by the late Pro- 
feffor Mallet and myfelf. 

The vifible part of the meridian of Geneva is foon termi¬ 
nated northwards by the firfl chain of Mount Jura ; but the 
country opens to the N.N.E. and the northern ftation might be 
eafily chofen in fome place of the Pays de Vaud , vifible from, 
the Obfervatory of Geneva, and which could be determined 
by only one additional triangle. I take the liberty to point out 
two fuch places. The one, called Vincy , about 16 minutes 
north of Geneva, and where the circumftance of my poffeffing 
a country houfc would facilitate the difpofitions neceffary for 
the afttx-nomical obiervations. The other place is the top of a 
mount ,ir, called the Dent de Vizillion, making part of the chain 
of Mo utt Jura, and where an occafional obfervatory might be 
ereded without much difficulty: it is 10 minutes north of 
Vincy, or 26' of Geneva. The whole arch from St. fean de Man- 
fknne to this laft place would be about i degree 24 minutes. 

The celeflial obfervations might perhaps be made in the four 
places above mentioned ; and the meridian arch would be thus 
obtained in three portions, whofe coraparifon with the ter- 
reftrial fedions, meafured geometrically, would be a proof of 
the accuracy of the operation. 

* In the engraving of this map, dotted lines are employed, to exprefs what¬ 
ever was drawn with red in the original. 

It 
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It is obfervable, oil the infpe&ion of the map, that the 
chain of triangles lies moftly on the weft fide of the meridian 
line. I was forced to difpofe it thus, to be within reach of the 
only place where a convenient balls could be found, viz. the 
marfhes of Choutagne. I have feen this place, and am well 
affured, that the meafurement in a convenient feafon would be 
attended with no difficulty. The difpofitiou and proportion of 
the balls of about 29,000 feet traced on the map, are therefult 
of operations I have made on the fpot. 

The fouthern part of the meridian line, vifible from the 
Obfervatory of Geneva, paffes over the fummit of a mountain 
called Mount Saleve, where we have a meridian mark, at the 
diftance of about 5600 toifes, and at the height of about 500 
toifes above the level of the lake. I have obferved from that 
fummit, that the fame line protrafled fouthwards is not inter¬ 
cepted by the mountains but at a great diftance, and in a* place 
which, as far as I could judge, muft be near the fouthern end 
of the arch. I am ignorant if that place is acceffible; but if 
it fhould happen to be fo, it would be a fortunate circumftance* 
inafmuch as it would offer a very fimple, quick, and accurate 
verification of the dire&ion of the meridian line refulting from 
the chain of triangles, by actually protracting the vifual line 
given immediately by the tranfit inftrument of the Obferva¬ 
tory down to the end of the arch, by the help of two inter¬ 
mediate ftations only. I do not believe that fuch a verification 
has ever yet been practifed. 

We fee hitherto no local difficulties in the meafurement of 
an arch of about 84 minutes of the meridian of Geneva. The 
meafurement of the parallel of longitude, eaftwards of the fame 
place, feerns to be of a ftill eafier execution, mfomuch that I 
1 believe 
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believe there are few places on earth better difpofed for the 
operation. 

The Republic of Vallah in Switzerland offers an extenfive, 
broad, and nearly ftraight valley, bordered on both fides by 
high mountains. It is fituated about the parallel of Geneva, 
runs eaftward for many leagues from the town of Martigny, and 
to the weftward is feparated from the mountains of Chablais 
in Savoy, by a very lofty chain, in which there is an acceftible 
fummit, called 5 The Glacier de Bust , or La Mortine. 

This mountain is placed, as by a miracle, in fuch a pofition 
as to bevifible from the Obfervatory of Geneva, and about 10 
minutes weft of it, as alfo from almoft every elevated fituation 
in the Haut Vallah. Its fummit is acceftible by a much eafier. 
afcent than that which was difcovered by MefF. de Luc ; and a 
fignal made there by the Indian lights would be vifible eaft and 
weft along the parallel, to the whole diftance of perhaps two 
degrees between the two extreme ftations j for as the obferva- 
tions. relative to the regulating of the clocks do not require any 
conftderable apparatus, they could be performed in the moft 
diftant hamlets from which the fignal fhould be vifible. 

As to, the trigonometrical meafurement along the parallel, 
one may conclude, from the triangles delineated on the map, 
that it might be executed with a fmaller number of operations 
than that of the meridian arch. I was affifted in the defigua- 
tio^.of the, probable ftations in the Vallah by my ingenious 
friend Mr. Wtun, Director of the Salt Works and Mines of 
the Republic of Bern, and refiding at Bex ; from whence, by 
frequent excurfions, he has acquired a fufficient knowledge of 
the n3tpe&* and pofitions of the neighbouring mountains to 
enablfi MP to .CQtpp-leteufhe fketph in, the eaftern part of the 
parallel. 


Should 
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Shocld the method, propofed by the late General Roy*, 
for ascertaining the leng! h of the parallel independently of 
aftionomical obfervations, be adopted, it might be earned into 
execution with no great difficulty from the fummit of the fame 
mountain, wheie we juft now fuppofed the fignal by the In¬ 
dian lights to be placed. 

The triangles relative to the meafurement of the parallel 
make but one fuite with thofe of the meridian, and there are 
four very convenient places along the fame parallel for mea- 
furing bafes of verification. They are perfedly level plains, 
foiming the bottom of the valley through which the Rhone 
flows between the towns of Aigh and VUlencuve, and between 
Martiony and Sion. Their relative fituations are roughly indi¬ 
cated in the map. The above general confiderations, together 
with the particulars which are fubjoined to the Ik etch, feem to 
ufeertain the full practicability of the enterprise. May I be 
allowed to add a few reflections on its conveniency ? 

The re-union of the two meafurements (of latitude and lon¬ 
gitude) in the fame fpot, is an advantageous circumflance; 
and the more fo, if we confider that this fpot lies between the 
45 and 46th degree, that is, in the mean latitude between the 
pole and equator, near which latitude the mean radius of the 
era til takes place in the well-founded fuppofition of its being a 
fpheroid. This radius, found by the moft accurate meafure* 
ment hitherto attempted, would become a ftandard, and to 
which the refults of the equatorial and northern meafurements 
being compared, the true figure of the earth would be the 
better afeertained. 

The po fit ion or relative longitude of the meridian of Geneva 
iswell dete rmined by a great number of obferved immerfions 

* Phil. Tranf. 1787, p. 216. et feq. 
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and cmerfions of the LtcLit^s of Jupiter, and by fome 
occultations of liars by the moon. Thefe obfen arsons were 
pei formed by the late Profeffor J. A, Mallet, Mr. J, Trem- 
blfy, and myfelf. The greater part of them are already cal¬ 
culated, and their mean refult muft be near the truth. The 


latitude of the fame place would be afcertained by the celeftial 
obfervations efiential to the meafurement, and would verify 
our determination taken from the obferved culmination of ze¬ 


nith liars. Laftly, the height of Geneva above the level of 
the Mediterranean Sea (which is fuppofed to be about iq6 
toifes) can be obtained with a fufficient precifion from the baro¬ 
metrical obfervations which for leveral years pall have been 
regularly made here. 

The Obfervatory of Geneva, in which, fmce the death of 
my late friend Profeflor Mallet, I have continued a feries 
of obfervations, would be at the free difpofition of the Com- 
miffioners whom the Royal Society Ihould think proper to en- 
truft with the whole work. It is furnilhed with the following 
inftruments, and confequently there would be no occalion for 
fending thofe of the fame fort from England. 

i°, A very good tranfit inftrument of 5 feet, made by Sisson. 
The telefcope is achromatic, magnifying about 70 times. 

2°, A quadrant of z\ feet radius with two achromatic tele- 
fcopes and a micrometer fcrew. The quadrant is moveable on 
an azimuthal circle. The whole made by the fame artift. 

3 0 , Two agronomical clocks, with gridiron pendulums. 
One remarkably good, made by the late Shelton ; the other by 
Le Paute. This laft might be carried to any of the Rations. 

4 0 , An achromatic telefcope of 10 feet, made by Dollond, 
with three magnifying powers. 

Vol. LXXXI. Q ' 5 % 
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5 0 , A 3I feet achromatic, with great aperture, and four 
magnifying powers, made alfo by Dollond, mounted on a pa- 
ralladic ftand, and carrying occafiotially an ocular micrometer*. 

6°, A very good Ramsden’s 30-inches achromatic refra&or 
with four powers; befides fome other telefcopes and inftru- 
ments of lefs importance. 

The capital inftruments which, I fuppofe, it would be ne- 
ceflary to fend from England, would be one or two zenith 
fe£tors, one or two clocks, and the inftrument for obferving 
the terreftrial angles, the accuracy of which is of the utmoft im¬ 
portance. I faw in London, three years ago, that made by 
Mr. Ramsden, and employed fo fuccefsfully in the late mea- 
furements from Ho unflow Heath to the French Coaft. It is a 
matter of doubt to me, whether this precious inftrument would 
be allowed to go out of the kingdom ; and even fliould that be 
permitted, as far as I can judge from the impreflion it has left 
on my memory, it would be too heavy and of too large a bulk 
to be conveniently carried to the top of mountains. The in¬ 
ftrument ought perhaps to be made of feparable parts eafily 
put together, and capable of being fteadily adjufted: they 
might be packed feparately in a box, not exceeding the common 
charge of a man. The boxes could be fo contrived as to fill a 
larger one, fufpended on fprings in a fmall narrow carriage 
made on purpofe, and in which all the neceffary things befides 
could be colledted. Such a difpofition would be very conve¬ 
nient, not only for fending the inftruments fafe from Eng¬ 
land, but alfo to carry them from one ftation to another 
through crofs country roads, with more quicknefs and lefs 

* We are indebted for the poffeffion of that valuable inftrument to the munifi¬ 
cence of my learned friend M. de Saussure, who gave it to M. Trembley, 
to whom it now belongs, 
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trouble and danger. A convenient tent, to fhelter the inftru- 
ments in the Rations, fhouid be added, or might be made at 
Geneva. 

The glafs rods for the meafurement of the bafis could be 
drawn of any convenient fhape, in a glafs-houfe not far diftant 
from Geneva. The thermometers, and any additions or repairs 
the apparatus might require, would be duly performed by Meff. 
Paul, eminent artifts of this town 3 and we abound with 
artifts of inferior merit. 

Thus far, Sir, I forefee no capital obRacles to the execution 
of the plan I have the honour of laying before the Royal So¬ 
ciety. All the data feem in favour of it; and I may add, as 
another favourable circumfiance, that the {far Capella of the 
firR magnitude culminates between the zeniths of Geneva and 
St. Jean Maurienne, and confequently might be obferved fimul- 
taneoufly from both Rations at any hour in which the feafon of 
the year would bring its meridian tranfit. 

I fhall conclude this Paper with a few more reflections on 
the undertaking in general. 

Suppofing it to be the intention of the Royal Society to 
attempt the inveRigation of the true figure of the earth, by 
meafurements executed in different parts of the globe; this 
firft operation, performed in a foreign country, might be looked 
upon as a kiud of previous trial for the obfervers, a fort of 
initiation, in which fome difficulties, owing to the nature of 
the foil, but no true hardfhips, would be encountered. The 
whole of the work, except perhaps one fingie ftation, would 
be carried on in the King of Sardinia’s dominions, and ill fome of 
the Republics of Switzerland; countries, where no moral nor 
political obftacles would be ftarted, and where the inhabitants, 
far from being troublefome, would afford every affiftance and 

Q 2 Comfort 
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comfort in their power. I may add, that none of the moun¬ 
tains on which I have cbferved, and which are pointed out in 
the map as likely ftations, prefent any danger. 

If a lurvey of that kind, executed in a mountainous coun¬ 
try, is liable to fome difficulties, it offers, on the other hand, 
advantages which perhaps more than overbalance thofe diffi¬ 
culties. 

Firft, the vifual rays being lefs interrupted, the triangles 
become larger, and the ftations fewer in number; whence the 
labour of the obfervers, and the chances of error, are by fo 
much diminifhed. 

Secondly, Thefe fame vifual rays proceeding through ftrata 
of air lefs denfe and more free from the vapours which com¬ 
monly thicken the lower parts of the atmofphere, the danger 
of irregular refractions is by fo much lefs, and the fignals may 
be more diftinCHy perceived from great diftances. 

Befides thofe advantages which chiefly concern the meafure- 
meut itfelf, the country would offer facilities for other natural 
enquiries, not unworthy the attention of philofophical men, 
and which might eafily be united with the capital object of 
thefe labours, with which objeCt fome of thefe enquiries are 
intimately united. I range among them, 

The accurate determination of the length of the Ample pen¬ 
dulum, which beats feconds in this mean latitude. 

Experiments to be made on the ofeiilations at different 
heights, with an invariable pendulum. 

Experiments on the lateral attraction of mountains repeated 
and varied. 

Obfervations on meteors, and feveral atmofpherical phaeno- 
mena relative to refractions, to heat, to hygrometry, to electri¬ 
city, &c. 


But, 
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But, above all, the improvement of barometrical meafure- 
ments won 11 mofily deferve the attention of the Commiffioners. 
Nothing, as It feems, is now wanting in the theory of the 
operation; and it is only from a numb.r of a&ual obfervations, 
made at different heights, and with every due precaution, 
compared with geometrical meafurement, that the co efficient 
(either conflant or variable) to be applied as a correction for the 
atmofpherical heat, will be obtained. That refearch muft be 
merely empirical; the effect fought for being the refult of 
many complicated caufes, fome of which are yet unknown. 
The real height of every Ration being well determined, the 
time to be fpent there for other purpofes would allow a num¬ 
ber of barometrical obfervations in varied circumftances; and 
from thefe obfervations, rightly compared between themfelves, 
interefting and ufeful refults may juftly be expected. 

I have the honour to be, &c. 

MARK AUGUSTE PICTET. 

Geneva, Oft. 30, 1790. 


Eclaircifemens 



Mr. Pictet’s Confderaiions on the 


jiS 


JLclaircijJemem fur la Carte, qul accompagne le Projet de Mefure 
prefente d la Societe Roy ale, par M. A. Pi&et. 


(See Tab. II.) 

DANS l’efqniffe de la fuite de triangles a laquelle le prefent 
'developpement fe rapporte, les montagnes ou les lignes tracees 
en rouge reprefentent des pofitions tirees des cartes, ou d’une 
iofpedtion generale de la direction, des montagnes et desvallees*. 
Ce qui eft deffine en noir indique les pofitions determinees par 
des angles et des mefures reellement prifes; mais fans pretendre 
•cependant a plus de precifion que la nature de la chofe ne Fexi- 
geoit. Enfin ce qui eft trace legerement en couleur noire montre 
feulement qu’il exifte des montagnes la ou elles font ainft 
indiquecs. 

Les deux lignes rouges qui fe coupent a angles droits dans la 
carte reprefentent le meridien et le parallele de l’Gbfervatoire 
<de Geneve dans l’etendue de la mefure propofee; c’eft-a-dire 
environ i° 24' pour le meridien, et environ 2 0 , pour le paral¬ 
lele de longitude. 

Le feul endroit dans lequel j’aye pu trouver un emplacement 
convenable pour une bafe relative a la mefure de l’arc du meri- 
ftlen, eft fitu£ a l’ouefl: de cet arc, et a-peu-pres vis-a-vis dll 
mijieu de fa longueur; ce font les marais de Choutagne. Us 
offrent une plaine qui s’etend du nord au fud dans une efpace 
•d’environ 2 lieues; elle eft bornee a Foueft par le Rhone, et a 
left par une moutagne tres voifine nominee la montagne de 

* See Note, page 109. 
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Choufcagne, qui fe prolonge au nord et au fud beaucoup plus 
loin que la plaine elle meme. Le fol de eette plaine eft ft par- 
faitement horizontal qu’il parok n’offnr d’autre elevation que 
celle qui refulte de la courbure de la terre et d’une route qu’on a 
pratiquee au travers de cette mdme plaine de Fell a Foueft. 

La ligne ab reprefente une bafe d’environ 25000 pieds An- 
glois de longueur, tracee dans cette plaine, et la ligne b $ une 
autre bafe prife dans la meme plaine, et dont je parlerai tout a 
l’heure. Le fol du marais eft ferme le long de ces deux lignes,. 
et en s’aidant de quelques ponts dans les endroits ou ils feroient 
neceflaires, la mefure ne fouffrirok aucune difficulte. Une 
grande partie de la plaine eft en prairie pendant Fete ; il n’y a - 
que tres peu d’eau dans le refte ; je Fai trouve encore tres prati- 
cable au milieu d’Odtobre dernier, terns ou j’y ai fait les ope¬ 
rations relatives a la prefente efquifle. 

Les deux extremites a et b de la bafe font marquees par deux 
batimens qui feroient utiles dans le voifmage des deux ftations:. 
Fun eft une petite ferme au point a , nominee Chez Thevenet , 
et l’autre une Briqueterie a 1 ’extremite b. Ces deux points 
font viftbles Fun de Fautre, et je remarque en paffant que les 
inftrumens pourroient arriver par eau depuis l’Angleterre 
jufques a la ftation h, par la voye de Marfeille et du Rhone. 

J’ajouterai que tout le cote oriental de la bafe, le long du pied 
de la montagne, eft tres peuple; c’eft un vignoble confiderable, 
et Foil auroit tout-a-fait a-portee le logement et tous les fecours 
neceflaires au travail de la mefure; et quoique la plaine foit 
marecageufe, le vignoble que la borde pafle pour tres fain. 

II lftetok pas facile de trouver fur le fommet de la montagne • 
Choutagne deux ftations qui reuniflent les conditions neceL ■ 
faires; favoir 1“°,D’etre viftbles des deux extremites de-la bale qui. 

font 
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font abaiftees de 8 d 10 degies fous i’horifon. 2 30 , D’etre 
vifibles 1 ’une de l’autre. 3''°, D’etre placees de maniere qu’ou 
put decouvrir les fommites a l’eft da cote oppofe i la bafe. 4’* 
enfiu, D’etre aflez diftantes entre elles pour fouinir un cote coa- 
venable au premier triangle de la chaine. Les points marques 
c et d font les fouls, a ce que je crois, qui leuniffent ces condi¬ 
tions. J’ai me me quelque doute que la montagne de la 
Caille foit vifible du point c fans e lever l’inftrument de quei- 
ques pieds. On voit que la diftance c d de ces deux points eft 
un peu moindre que la longueur de la bafe, et 1’on trouvera fans 
doute que Tangle que cette ligne fouftend fur la montagne de 
la Caille eft trap petit; il n’eft effective meat que de 17 degres, 
et fous cette obliquite et a cette diftance une erreur de 5" en c 
ou en d allongeroit le cote oppofe de pieds. Cette 

confideration pourroit etre jugee fuffifante pour engager les 
commiflaires a preferer ala ftation c une ftation e que j’indique 
fur le fommet fepten trional du mont Colorabier, quoique ce 
point foit fitue fur le territoire Franqois. La bafe eft piacee 
tres convenablement pour determiner ce point, et ft l’on aban¬ 
don noit aitifi la ftation c, cette meme bafe pourroit etre pro¬ 
longs du cote du nord d’environ 3 a 4000 pieds j en rap- 
prochant un peu vers l’eft fon extremite feptentrionale, en lui 
donnant la direction b / 3 ; elle foroit alors encore plus favorable- 
ment difpofee pour determiner la ftation e, d’ou, jufques a la 
ftation d, tres bien determinee par la meme bafe fur la mon¬ 
tagne de Choutagne, la diftance foroit d’environ 7500 toifes, et 
Tangle oppofe en /fur la montagne de la Caille d’environ 34 
degres, e’eft-a-dire double du precedent. Cette difpofition du 
premier triangle de la chaine foroit fans contredit plus avanta- 
geufe que la prec£dente. 
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Le mont Colombier eft eleve d’environ 650 toifes * au- 
deffus du niveau de la plaine; les points c et d fur la montagne 
de Choutagne font eleves d’environ 380 toifes, et la montagne 
de la Caille d’environ 200 toifes feulement; c’eft la plus bade 
de toutes celles qui fervent a des ftations; mais comme elle 
eft tout-a-fait ifolee, elle eft vifible de tous les cotes a une dis¬ 
tance fuffifante. 

Depuis les points f et d on determine la ftation g fur la 
Tournette; et ces trois points ferment le triangle central d’ou 
1*011 procede enfuite au nord et au fud dans la direction de la meri- 
dienne. La Tournette eft une montagne elevee d’environ 
1000 toifes au-deflus du Lac de Geneve; elle eft ifolee, etoffre 
un des points de vfte les plus frappans et les plus etetidus qu’on 
puifle trouver dans ces regions. On appercoit tres bien depuis 
ce fommet non feulement les deux extremites de l’arc du meri- 
dien, mais encore prefque toutes les ftations, excepte celles 
•qui font dans le Vallais au-dela du glacier de Buet ou de la 
Mortine. Le fommet de la montagne d’ou j’ai obferve mes 
angles n’eft pas du plus facile acces; mais j’ai remarque a envi¬ 
ron 150 toifes plus bas un endroit tres acceflible, aorame le Plan 
du Rivray, qui feroit convenable pour la ftation. L’inlpedion 
de la carte montre combien cette ftation eft importante, puif- 
qu’elle n’offre pas moins de fept points a obferver. 

En partant du triangle central dfg pour alter au midi, on 
determine par les ftations d et g la ftation h fur la Dent de Ni- 
volet. Cette montagne eft tres voifine de Chambery, capitale 

* Les hauteurs de la plupart des ftations ne font indiquees qii’a-peu-pres, et 
pour donner une idee des directions refpedfcives des rayons vifuels relativement a 
rhorifon, et de la neceffite d’avoir un inftmment dont le mouvement dans les plans 
verticaux foit de la plus extreme precifion. 
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k la Savoye; et quoique fort efcarpee a l’ouefr, elle eft, m’a- 
:-on dit, d’un facile acces du cote de l’eft. 

11 exifte vers le bord occidental du Lac du Bourget one 
montagne appellee la Dent du Chat, fur laquelle je fuis monte, 
et dont j’ai determine la pofition au moyen d’une bale qui eft 
defignee fur la carte. Cette montagne eft elevee d'environ 650 
toifes au-deffus du Lac du Bourget, et accefftble, quoiqu’avec 
quelque difficult^; elle offriroit une ftation fubftdhire, dans le 
cas ou celle fur la Dent de Nivolet feroit impraticable, ce qui 
n eft cependant nullement probable. La pofition de cette der- 
niere feroit d’ailleurs infiuiment meilleure relativement a la fuite 
de la chaine. 

Avec les ftations g et h on determine le point i fur une mon¬ 
tagne que j’ai vue depuis la Tournette, qui m’a paru tres ac~ 
ceffible, et qui termine la chaine qui accompagne la rive droite 
de la riviere d’Arc depuis St. Jean de Maurienne. J’ignore le 
110m de cette montagne ; et c’eft ici que commence la partie de 
ma carte qui n’offre que des probabilites. 

Des ftations h et i on determine le point k , oh les cartes indi- 
quent une montagne qu’ellcs nomment Cocei/on. Cette mon¬ 
tagne, formant 1’extremite d’une chaine entre deux vallees dans 
la direction des deux ftations i et h , doit etre vifible depuis 
1 ’une et l’autre. C’eft auX environs de cet endroit que j’ai lieu 
de ptefumer que la meridienne de l’Obfervatoire de Geneve, 
prolongee au fud depuis le fommet de la montagne de Saldve, 
vient paft'er, fans etre interceptee dans l’intervaile par aucune 
des montagnes qui s’y rencontrent. 

Avec les ftations i et k on determine la ftation / fur la chaine 
qui fepare la Maurienne de la Tarentaife, et dans laquelle j’ai 
vft pluiieurs fommites acceffibles; et enfin avec les ftations 

k et 
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h et / on determine la ftation m fur le mont Sapey, ou j’ai ete, 
e£ d’ou j’ai vu la direftion generate des chaines telle quelle eft 
indiquee fur la carte; et en particulier que le rayon vifuel mk 
eft parfaitement libre. Du mont Sapey et du point /, choift 
corn-enablement, on determine finalement St. Jean de Mau- 
nenns 

J’ai obferve en montant le Sapey une tres haute montagne 
xnacceffible, fituee au midi de St. Jean de Maurienne, et dont le 
fommet offre trois aiguilles contigues de la forme que j’ai def- 
fmde fur la caite, et qui m’ont paru faciles a reconnoitre de loin. 
Ces aiguilles, que j’ai tres bien retrouvees enfuite depuis la 
Tournette, fe nomment, a ce qu’011 m’a dit, les Aiguilles 
d’Arve; et elles m’ont fervi a determiner a-peu-pres la pofltion 
de la viile de St. Jean relativement a la meridiennede Geneve; 
du moins a m’aflurer qu’eile ne s’ecarte pas beaucoup de cette 
meridienne. Je ne repeterai pas ici ce que j’ai dit dans le Me- 
moire fur la convenance que je vois a la choifir pour terme meri¬ 
dional de l’arc a mefurer. 

Je reprends le triangle central dfg pom* marcher de-la vers 
le nord de la chaine des triangles, 

Les ftations/et g determinent la ftation 0 fur le Pithon de 
Saleve. C’eft un rocher ifole et du plus facile acces, qui do- 
mine la montagne; il eft eleve d’environ 512 toifes au-deffus 
du Lac de Geneve, et parfaitement vilible depuis l’Obfervatoire 
de eette viile. 

Avec les ftations £ et 0 on obtient la ftation p fur le Mole. 
Cette montagne eft; elevee d’environ 750 toifes au-deflus du Lac 
de Geneve; elle eft de forme conique, parfaitement ifolee, d’un 
facile acces, et offre une des plus belles ftations de toute la me- 
fure; elle prefentc d’autres avantages pour des experiences fur 

R 2 l’attrac- 
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i’attra&ion laterale, pour des obfervations barometriques e£ 
meteorologiques; en tin mot, elle merite toute l’attention 
des obfervateurs, auxquels elle offrira d’ailleurs une ftation auffi 
importante que celle de la Tournette. 

Avec les ftations o et p fur le Pithon et fur le Mole, on ar¬ 
rive d l’Obfervatoire de Geneve, fur lequel j’ai donne dans le 
Memoire des details qui me paroiftent fuffifans; je le defigne 
par la lettre q. 

Avec les ftations o et q on determine uu point quelconque r, 
acceffible et habitable dans la chaine du Mont Jura, aux envi¬ 
rons du parallele de l’Obfervatoire de Geneve, et qui forme le 
terme occidental de la mefure; on a a cet egard beaucoup de 
choix ; le glacier de Buet, fur lequel fe fera le fignal, eft vifible 
de tous les points du Jura pres du parallele de Geneve. On. 
trouve des habitations jufques vers le fommet de eette derniere 
montagne, et on choifira la plus convenable pour y dtablir 
l’obfervateur et fa pendule. 

La ligne q p, menee de l’Obfervatoire au Mole, fert de bafeau 
triangle qps, dont le fommet s eft a Vincy, village du Pays de 
Vaud, vifible de l’Obfervatoire de Geneve, et dans lequel j’ai 
une mai'fon de campagne, que j’ai offerte dans mon Memoire 
pour y faire les obfervations aftronomiques dans le cas ou 1’on 
jugeroit a-propos d’etendre jufques la l’arc du meridiem Cet 
endroit eft eleve d’environ Bo toifes au-deflus du Lac, et feroit 
commode pour les obfervateurs. 

Ce triangle qps qui appartient a la meridienne, eft auffi Ie^- 
premier de’la fuite deftinee a determiner la longueur du paral - 
lele a l’eft. La ligne ps, menee du Mdle a Vincy, et les ftation 'S 
p et s, determinent l’une ou l’autre des Montagues du Chabla^fs 
appellees la Dent d’Oche et la Cornette. Elies font voiffcss 
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Tune de l’autre, et je lesdefigne routes deux, parce que la Dent 
d’Oche fur laquelle je fuis monte eft d’un aftez difficile 
acc^s; la Cornette fur laquelle je n’ai point ete eft, dit-on, 
tres facile a monter, et a de plus l’avantage d’etre un peu plus 
haute que la Dent d’Oche (qui eft cependant elevee de 940 
toifes au deflus du lac), et un peu plus a 1’eft du cote des mon- 
tagnes du Vallais. Je prefererois done la ftation de la Cornette 
telle que je l’ai indiquee. 

La ligne tp de la Cornette au Mole fert de bafe au triangle 
ptVy dont le fommet eft a la Dent de Vaulion, montagne dans 
la chalne de Jura, jufqu’oix je propofe d’etendre encore, ft Ton 
veut, fare du m6ridien. 

Cette meme ligne tp fert de bafe h un triangle ptu, dont le 
fommet u eft au glacier de Buet, qui fera a la foxs une ftation 
pour mefurer des angles, et le lieu du fignal pour les obferva- 
tions relatives a la mefure aftronomique de l’arc du parall^le. 
Cette montagne, elevee d’environ 1300 toifes au-deflus du Lac 
de Geneve, eft couverte d’une couche de neige permanente ; 
mais cela n’empecheroit pas qu’on ne pftt y faire commodc- 
ment les obfervations dans les mois d’Aoftt 011 de Septembre. 
On peut batir une petite cabane pour le fejour neceflaire, fur 
des rochers d’ardoife qui font voifins de la fommite. La mon¬ 
tagne n’eft pas d’un acces difficile par la route que M. Excha'- 
quet a le premier indiquee, et que j’ai fuivie a mon dernier 
voyage a cette montagne; et lors meme qu’il refteroit quelques 
difficultes a vaincre, cette ftation eft ft belle et ft importance, 
qu’on ne manqueroit pas de motifs et de courage pour les 
furmonter. 

On remarquera qu’il fe forme ainfi autour du M 61 e un 
exagone irregulier, ce qui fournit l’occafion d’une verifica- 
2 tion ;• 
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tioa; et qu’entre autres, la ligne pu peut etre determinee de 
deux manieres; favoir, imrnediatemenr par le triangle pgu t 
et en faifaint le circuit que nous venous de faire par les Rations 
goqst. 

Ici commence la partie de ma carte que je dois a la complai- 
fance de nion ami M. Wild. 11 me previent que les pofi-» 
tions qu’il m’a defignees ne font pas exactes; mais il ne s’agif- 
foit que d’etablir la direction generale du haut et bas Vallais, 
de marquer les principales montagnes acceflibles, et les en- 
droits ou l’on pounoit mefurer des bafes de verification. La 
carte du Vallais qu’il m’a envoy ee, et dont la mienne offre 
l’extrait, m’a paru atteiadre ce but. II eft evident que le tri¬ 
angle qui a pour bafe la diftance de la Dent de Morcles a la 
Catogne, et qui fe termine au Rothorn, non loin de la fource 
du Rhone, auroit 1 ’angle du fommet beaucoup trop aigu; 
mais il n’eft pas douteux aufii que dans une vallee large et 
prefque droite, comme l’eft celle du haut Vallais, on peut 
former facilement une fuite de triangles par des Rations alter¬ 
natives fur les fommets acceffibles des deux cotes de la val¬ 
lee, et arriver a l’extremite par un petit nombre de ces 
triangles. 

Les lignes droites, tracees en rouge dans cette partie de la 
carte, defignent les bafes praticables; ces bafes font au nOmbre 
de quatre, mais aucune d’elles n’egale en longueur celle que 
j’ai trouvee dans les plaines de Choutagne. 

Si le projet dont je viens de developper l’efquifle, eft agiee 
par la Societe Royale, mon premier foin, des que la faifon 
le permettra, fera de parcourir le haut Vallais pour decouvrir 
le dernier fommet acceffibie du cote de l’eft, d’ou la Mortine 
ou le glacier de Buet foit vifible. Ce point une fois trouve, 
3 j’etablirai 
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0 

46 

5 6 

29,96 


N 

I 

Fair. 

18 

7 

0 

35 

52 

3 o,° 1 


N 

I 

Fine. 


2 

0 

46 

56 

30,02 


E 

2 

Cloudy. 

*9 

7 

0 

35.S 

5 2 >5 

3 °.°5 


N 

2 

Fine, 


2 

0 

45 

55>5 

S 0 , 0 ^ 


N 

2 

Cloudy. 

20 

7 

0 

39 

5 M 

3°> 2 9 


E 

I 

Cloudy. 


2 

0 

46 

5 6 

3°. 2 9 


E 

i 

Fine. 

21 

7 

0 

39 

52 

30,24 


E 

I 

Fine. 


2 

0 

50 

55 

30,20 


s 

r 

Cloudy. 

22 

7 

0 

46 

5 I >5 

29,96 


E by S 

1 

Cloudy, 


2 

0 

55 

55>5 

29,84 


S 

1 

F air. 

23 

7 

0 

5 * 

54 »S 

29,72 


WSW 

1 

Fair. 


2 

0 

5 3 

59 

29,66 


wsw 

2 

Cloudy. 

24 

7 

0 

48 

56 

29,49 


SWbvW 

1 

Cloudy. 


2 

0 

53 

59 

29 ) 5 ° 


WSW 

i 

Cloudy. 

25 

7 

0 

45 

5 6 

29,66 

9>°35 

wsw 

1 

Cloudy. 


2 

0 

54 

59 

29,63 


wsw 

1 

Cloudy. 

26 

7 

0 

4,4 | 

5 6 

29)73 

0,025 

wsw 

1 

Cloudy. 


2 

0 

54 

59)5 

29,80 


sw 

1 

Rain. 

27 

7 

0 

42 

57 

29,98 

0,201 

N 

1 

Cloudy, 


2 

0 

55 

59)5 

30,04 


N 

1 

Cloudy, 

i 28 

7 

0 

41 

56 

30,10 


NW 

r 

Fine. 


2 

0 

55 

59)5 

1 3 °> oa 


SW 

1 

Cloudy. 

29 

7 

0 

48,5 

57 

29,83 


s$w 

2 

Cloudy, 


2 

0 

54 

58, s 

29,73 


ssw 

2 

Cloudy, 

3 ° 

> 7 

0 

47 

57 

29 , 5 2 

0,025 

!. SW 

2 

Fair. 


2 

0 

1 56 

1 59.5 

1 29,62 

1 

SW 

2 

Fair, 


Vol. L XXXI* b MET 







Weather. 


Inches. Inch. Points, Str. 



4 s 

5 1 

48 

57>5 

47 

59'S 

47 

62 ; 

52.5 

55 ! 

48 

51 : 

49 

57 

51 

60.5 

52 

59>S 

5^5 

SB 

5 1 
64 

52 i 

62 

5° 

63.5 

50 

64 

5 °.S 

S4 

66 


58 29,63 

60 .5 29,55 

58.5 29,500,173 

6l 29,6t 

58 29,86 

61 29,87 

58 30,04 

61 .5 30,04 

58.5 29,92 

62 29,88 | 

5 s *5 29,75 o,iio 

62 29,72 

60 29,68 0,280 

63 29,74 

60.5 29,83 

63.5 29,83 

61 29,94 

64 29,98 

62 30,01 0,086; 

62 30,02 

30,06 
3°>o6 
6 i '5 30,09 
66 30,09 

61 30,14 

64.5 S 0 ’ 11 

61 : 30,10 

66 30,09 

61.5 30,03 

65 29,99 

62 29,91 
64 | 29,86 


SEbyE 

E 

ssw 

ssw 

wsw 

NW 

W 

sw 

w 

NNW 

w 

N 

WNW 

E 

N 

NNE 

N 

N 

N 

E 

N 

N 

m 

N 

NE 

NE 

NE 

N 

NW 

WNW 


I Cloudy. 

1 Ham. 

2 Cloudy, 
2 Fair. 

1 Fair. 

1 Fair. 

1 Fine. 

I Fine. 

I Cloudy. 
1 Cloudy. 
I Rain. 

I Ram. 

I Cloudy. 
1 Cloudy, 
1 Cloudy. 
I Fair. 

I Fine, 

1 Fair, 

1 Cloudy. 
1 Cloudy, 
I Cloudy, 
1 Fair. 

1 Fine, 

2 Fine, 

2 Fine, 

2 line, 

1 Fine. 

I ,Finc% 

1 Hazy, 

1 Fine. 

1 Fine, 

2 Fine, 
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METEOROLOGICAL JOURNAL 

for May 1790, 


1790 

Time. 

H. M. 

Therm. 

without 

Therm, I 
within. J 

Barom. 

Rain. 

Winds. 

Weather, 

0 

0 

Inches, 

Inch. 

TU-r-n— 

Points. 


May 17 

7 

0 

5 6 

62,5 

29,68 


SVY 


Fine. 


2 

0 

57 

64,5 

29,66 


wsw 


Fair. 

18 

7 

0 

5 1 

57 

29,88 

0,130 

w 

i 

Fine, 


2 

0 

60 

60 

29,88 


w 

2 

Cloudy. 

19 

7 

0 

53 

59 

29,76 


s 

2 

Fine. 


2 

0 

63 

60 

29,69 


s 

2 

Cioudy. 

20 

7 

0 

50 

59 ■ 

* 9>77 

0,131 

wsw 

2 

Fine. 


2 

0 

59,5 

60 

29,77 


wsw 

2 

Cloudy. 

21 

7 

0 

5 ° 

58,5 

29,96 


w 

I 

Fine. 


2 

0 

59 , 5 

59*5 

29>g6 


w 

I 

Cloudy. 

22 

7 

0 

5 °,5 

5 s »5 


0,033 

s 

I 

Cloudy. 


2 

0 

57 

59 

29,86 


SE 

1 

Cioudy. 

23 

7 

0 

56 

58,5 

29,80 

0,190 

wsw 

3 

Cloudy. 


2 

0 

64 

60 

29,84 


s 

I 

Cloudy. 

24 

7 

0 

54 

60 

29,80 

0,201 

E 

I 

Rain. 


2 

0 

63 

61 

29,72 


S by w 

2 

Cloudy. 

25 

7 

0 

53 

60,5 

29,85 


S 

I 

Rain. 


2 

0 

61 

6°,5 

29,85■ 


NE 

I 

Cloudy. 

26 

7 

0 

54 

61 

29,94 

0,011 

E 

I 

Cloudy. 

| 

2 

0 

64 

61 

29,98 


E 

I 

Cloudy. 

27 | 

7 

0 

55 

61 


0,223 

NW 

1 j 

Cloudy. 

i 

2 

0! 

£>4 

62,5' 

29,96 


WNW 

1 | 

Fair. 

28 

7 

0 

5 ^ 

62 


0,881 

NE 

1 ; 

Cloudy. 


2 

0 

06 1 

6 3 s 5 

29,98 


ENE 

1 

Fair. 

29 

7 

0 

5 8 

62,5 

29,99 

°, I 37 

E 

1 

Cloudy. 


2 

0 

63 

63 

30,02 


S 

1 

Cloudy. 

3 ° 

7 

0 

5 ^ 

63 

3°’°5 


W 

1 

Cloudy, 


2 

0 

63 

63 

3 °»°* 


w 

1 

Cloudy. 

31 

7 

0 

56 ^ 

62 i 

29,97 

0,110 

WNW 

1 

Cloudy, 


2 

0 

63 ! 

63 

30,02 


N 

1 

Cloudy, 


b 2 


METE* 








meteorological journal 

for June 1790. 


i 

.'line. 1 

rnerm 

Clierm.lB 

arom. ' 

Ham. 

Winds. 



V 

without y 

nthin. 





1790 - 
I 

LM. 

0 

I 1 

nches. 1 

nch. 

Points. 1 

3tr. 

June 1 

7 0 

2 0 

56 

66 

62 

62,5 

3 °,17 < 

3 °.^ 

30,16 

0,022 

w 

sw 

1 F 
1 B 

2 

7 0 
2 0 

60 

Ks 


N 

1 F 


66,5 

64,5 

30,16 


N 

i r 

n 

O O 

cT 

59 

63 

30,16 


W 

1 C 


64 

6 3 

30,07 


W 

1 c 

4 

7 0 

59>5 

63 

3°>°7 


W 

1 I 

iT 

2 0 

65 

64,5 

30,08 


NW 

I f 

5 

0 0 

55 

62 

30,20 


WNW 

I 1 

63 

63*5 

30,16 


WNW 

I 1 

6 

7 0 
2 0 

56,5 

6 i >5 

30,17 


w 

I I 


63 

62 

30,16 


WNW 

I 1 

7 

7 0 

57 

6l 

29,96 

O 

u 

O 

4 ^ 

O 

WNW 

I '< 

2 0 

65 

63 

29,96 


WNW 

I 

; 8 

7 0 

56 

6l 

29,92 


WSW 

1 2 

2 0 


6l,5 

29,79 

0,060 

SSW 

2 

9 

7 0 

5^ 

6l 

j 29,56 

SSW 

2 

2 0 

63 

61,5 

29,49 


SbW 

2 ■ 

xo 

7 0 

S 7 

60 

29.58 


w 

2 


2 C 

- 60 

61 



s 

I 

11 

7 c 

S 3 

6 3,5 

29 89 

0,340 

NNW 

I 


2 C 

> 64 

62 

29 > 8 S 


WNW 

1 

12 

7 c 

> 5 S 

60,5 

29,98 


NW 

I 


2 C 

> 62 

62 

30»02 


NNW 

I 

i 

it 7 c 

> 53 

60 

30,26 


N 

I 

2 c 

} 61 

62 

30,27 


N 

I 

u 

7 < 

3 56 

60 

3°>33 





2 c 

3 66 

62 

3 ^ 3 ° 




If 

V 

; 7 < 

3 61 

61,5 

30,29 


N 

I 

2 c 

3 67 

6 3>5 

30,28 


E 

I 

If 

3 7 < 

> 54 

6 i,S 

3024 


NE 

1 


2 < 

3 * 63 

62 

3 0,I 9 


NE 

I 


Weather. 


Iloudy, 


Pair. 

Haiti, 

Fan. 

Fair. 

Cloudy, 

Fair, 

Fine. 

Fair. 

Fine, 

Fine, 

Fair, 

Cloudy, 

Cloudy, 

Cloudy, 
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METEOROLOGICAL JOURNAL 

for June 1790, 




gg 

Theim. 

within. 

Barom, 

Rain. 

Winds, 

Weather, 

H. 

M. 

0 

0 

Inches. 

Inch. 

Points. 

Str. 

June 17 

7 

0 

s« 

61 

30,08 


NE 

1 



2 

0 

65 

62,5 

30,01 


E 

1 


18 

7 

0 

S 8 

61 

29,88 

M 

O 

0 

W 

I 

Fair. 


2 

0 

68 

6 3 

29,94 


w 

2 

Cloudy. 

*9 

7 

0 

59>5 

62 

30,00 


sw 

2 

Cloudy, 


2 

0 

69 

64 

30,01 


sw 

2 

Cloudy, 

20 

7 

0 

60 

62,5 

30,23 


WSW 

I 

Fair. 


2 

0 

69.5 

65 

30,28 


wsw 

2 ; 

Fine. 

21 

7 

0 

65 

65 

3°>35 


wsw 

I 

Fine. 4 


2 

0 

74 

67.5 

3^35 


wsw 

1 

Fine. 

22 

7 

0 

69 

67 

30,20 




Fine. 


2 

0 

8o ! 

73'5 

30,10 


ssw 

. I 

Fine. 

2 3 

7 

0 

71 

7 1 

29^6 


w 

I 

Cloudy, 


2 

0 

76 

72 

29,96 


w 

I 

Cloudy, 

24 

7 

0 

60 

66 

29,98 


w 

2 

Fair. 


2 

0 ; 

68 i 

1 

68 

29,91 

■ 

w 

2 

Cloudy, 

2 5 

7 

0 

59 

65 

29;87 


wsw 

2 

Fair. 


2 

0 

68 

67 

29,87 


wsw 

2 

Fair, 

26 

7 

0 

57 

65 

29,89 


w 

2 

Cloudy, 


2 

0 

66,5 

66,5 

29,89 


WNW 

2 

Fair. 

27 

7 

0 

53 

4 . s 

29^6 

0,120 

NW 

I 

Fair. 


2 

0 

64 | 

66 

30,02 


NW 

I 

Cloudy. 

: 28 

7 

c 

53 

63 

30,08 

0,075 

WNW 

I 

Cloudy* 


2 

0' 

64 

65 

3 0 ,07 


w 

I 

Fair. 

29 

7 

0 

55 

«3 

30,02 


sw 

I 

Cloudy. 


2 

0 

69,5 

63.5 

29,97 


SsE 

I 

Cloudy, 

1 3 ° 

7 

c 

S 3 

■ 6 3 

29,93 


SW 

I 

Cloudy. 


2 

0 

68 

1 64 

29,91 


sw 

2 

Cloudy, 










i79° 


H. M 



erm.jBaroui. JRain. Winds, j 
hm. 

Inches. Inch. Points. jjStr. 


Weather, 


July i 7 


xo 7 

2 

ix 7 
; 2 

12 7 
2 

*3 7 

2 

i4 7 

2 

*5 7 

2 

16 7 
2 


o 6o 
o 68 

o S 6 «5 

o 63 

o 54*5 
o 70 
o 55 ■ 

o 66 

o 57 
o 67,5 

0 55 

o 64,5 

o 5S ’ 

o 67 

O 55 
o 70 
o 58 
o 67 

O 55 
o 65 

O 5S>5 

o 64 

O 53 
o 62 
o 56 
o 65 

O 55 

o 61 

O 55 

o 68 

° 58,5 

oj 69 ' 


63,5 29*82 0,048 I 
64 29,83 

63 29,72 

63.5 29,63 

63 29,68 O5O0S 

64 29*68 

63 29,70 

64 29,63 

62.5 29,32 0,087 
63*5 29*29 

62.5 29,64 0,155 
63*5 29,80 

62 30,10 0,014 

63 30,16 

62 30,20 

63)5 3°’? 4 

63 29587 0,320 

64 29,78 

63 29,87 0,090 

63 '29,78 

62 29,ss 

63 29,53 

61.5 29*68 0,069 

62.5 29*67 

61.5 29*60 0,06c 

62.5 29*46 

61,s 29*51, 0,205 
62 ! 29*55 

61 29575 0,050 

61.5 29*84 

61 29*95 

62.5 30*03! 


WSW 

WSW 

WSW 

SW 

W 

WNW 

SW 

SSW 

WSW 

W 

NW 

NNW 

N 

NW 

SW 

SW 

SW 

SW 

SW 

WSW 

w 

NNW 

'W 

w 

w 

■ SSW 
WSW 

w 

w 

w 

w 

NW 


2 (Cloudy. 
2 Fair. 

1 Fair. 

1 Rain. 

I Fine. 

1 Cloudy. 

1 Fair. 

2 Cloudy. 

1 Cloudy. 
I- Cloudy. 

2 Cloudy. 
2 Cloudy. 
2 Fine, 

I Fair. 

1 Fair. 

1 Cloudy. 

2 Cloudy. 
2 Fair. 

X Cloudy, 
i Cloudy, 
x Cloudy. 
I Cloudy, 
x Cloudy. 
I Cloudy, 

1 Cloudy. 

2 Cloudy. 
1 Cloudy. 
1 Cloudy. 
I Fine. 

x Cloudy. 
1 Fair. 

1 Fair. 
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METEOROLOGICAL JOURNAL 

for July 1790* 


——- 

1 

1790 

■ 

Therm. 

without 

Therm. 

within. 

Baroixi. 

■ 


Weather. 

H. 

M. 

O 

0 

Inches. 

Inch. 

Points. 

_ 

Str. 

July 17 

7 

0 

61 

62 

30,1 h 

■ 

NW 

I 

Cloudy. 


2 

O 

70 

6 3>5 

30,16 


NW 

I 

Cloudy. 

18 

7 

0 

61 

6 3 

30,08 

■ 

W 

I 

Cloudy. 


2 

0 

7 1 

64 

30,04 

I 

sw 

1 

Cloudy. 

*9 

7 

0 

59 

64 

30,06 

Hums 

w 

1 

Fine. 


2 

0 

72 

65 

30,04 


w 

I 

Fine. 

20 

7 

0 

57 

63*5 

29,80 

0,015 

sw 

2 

Cloudy. 


2 

0 

64 

64.5 

29,63 


sw 

0 

Cloudy. 

21 

7 

0 

57 

6 3>5 

29,77 

0,026 

w 

2 

Fair. 


2 

0 

65 

64 

29,86 


WNW 

2 

Cloudy. 

23 

7 

0 

• 55 

6 3 

30,06 


w 

1 

Cloudy. 


2 

0; 

7°?5 

64 

30,06 


WNW 

I 

Fair. 

23 

7 

0 

* 59 

63 

30,00 

0,015 

WNW 

1 

Cloudy. 


2 

0 

59 

-63.5 

! 2 9>99 


w 

1 

Rain, 

24 

7 

0 

62 

6 3>5 

30,00 

0 

sO 

0 

rt 

O 

WNW 

1 

Cloudy. 


2 

0 

7 1 

6 5 

3°>°3 


WNW 

i 

Cloudy. 

2 5 

7 

0 

58 

64 

3°> r 3 


; wnw 

1 

Cloudy, 


2 

0 

7 *»S 

95’5 

30,14 


w 

1 

Fine. 

26 

7 

0 

59 

64 

30,16 


' wsw 

1 

Cloudy. 


: 2 

0 

73*5 

6 S >5 

30,14 


w 

1 

Fair. 

27 

7 

0 

59 

645S 

3°» j 5 


w 

1 

Cloudy. 


O 

0 

73>5 

66,5 

3°» I 5 


WNW 

1 

Fair. 

28 

7 

0 

59?5 

6 S 

30,10 


E 

1 

Cloudy. 


2 

0 

♦ 73 

67 

29,96 


SSE 

1 

Fine. 

29 

7 

0 

S 8 

6 5 >S 

29,60 


NW 

1 

Cloudy. 


! O 
+"* 

0 

67 

6 5*5 

29,58 


NW 

1 

Cloudy. 

3 ° 

1 

0 

55 

64 

29,60 

0,030 

W 

1 

Cloudy. 


2 

0 

66,5 

64 

29,64 


w 

1 

Cloudy. 

3 i 

7 

0 

5 6 

63,5 

29,46 

a 

OT 

0 

U 5 

■ wsw 

2 

Cloudy, 


2 

0 

! 9 s i 

64,5 

29,61, 


wsw 

2 

Cloudy, 


MUTE- 











METEOROLOGICAL JOURNAL 

for Auguft 1790. 


rime. ITtieim 


1790 


H. M. 

t 7 0 53 

2 o 66 

2 7 0 5 6 
2 o 59 

3 7 0 55 

2 o 65 

4 7 o 54 

2 o 67 

5' 7 o 55 

2 o 69 

6 o 60 
2 o 66 

7 7 o 64 
2 o 76 

8 7 o 62 

2071 

9 o 57 

20 7c 
:o 7 o 5C 
2 0 7i 

[j 0 $t 
2 0 7; 

[270 5S 

207 


13 

7 0 


2 0 

14 

7 0 


, 2 0 

*5 

7 0 


Therm.jBirom. 1 Ram 
within. 


Inches. Inch 


29^93 0,012 
20,00 
29,91 
29,81 

29,7410,202 
29,66 

29,83 0,081 
29,86 

3Q>°4 
30,00 

62 29,91 

63,5 29,86 
63,5 3 0 ’ 01 0,025 
65 30,01 

65 29,88 

66 29)94 
64)5 30,°° ! 

66 30,00 
64)5 30,07 

67 30,06 

65 30,14 

67 3 o,u 

66 30,11 
30,10 
30,04 
30,02 
30,10 

; 30,10 
3 °, 02 
; 29.95 

29,90 
29.93 


K*i 

Kwl 


Weather. 


W 

W 

SW 

ssw 

W3W 

W 

w 

w 

w 

w 

w 

wsw 

wsw 

w 

w 

w 

WNW 

NW 

W 

w 

w 

w 

wsw 

SW 

w 

w 

WNW 

NW 

SSE 

SSW 

WSW 

WSW 


i Fine. 

I Fair, 
i Cloudy, 

1 Ram. 

1 Cloudy. 

1 Rain. 

I Cloudy. 

I Fair. 

I Cloudy, 

I Cloudy. 

I Cloudy. 

1 Rain. 

1 Cloudy. 

1 Cloudy. 

1 Cloudy. 
1 Cloudy, 
1 Fine, 

I 1 Fine. 

| 1 Fine, 

1 Fine, 

1 Hazy. 

1 Hazy. 

1 Fair. 

: i Cloudy. 
1 Fair. 

I Cloudy, 
I Fine. 

1 Fine. 

1 Fine. 

I Fine, 
l Cloudy, 
I [Cloudy. 


METE 









METEOROLOGICAL JOURNAL 

for Auguft 1790. 


* 79 ° 


Aug. 17 
18 


H. M. 


I helm. 

Theim : 

without 

within. 

0 

0 

> 60 

68 

68 

68,5 

60 

68 

V 

68 

» 59 

67 

> 72,5 

68 

63 

& 7>5 

s 77 

69.5 

> 65 

68 

76 

73 

56 

68 

67 

68 

62 

67 

5 67 

67*5 

> 53 

65>5 

) 68 

66,5 

> S 3 

64 

> 59>5 i 

64,5 

^ 57 

6 4 »S 

> 6 3 ‘ 

65 

5 55 

64 

> 58,5 

64 

> ShS 

62 

3 63 

^5 

^ 5 S’S 

62 

> 59 

62 

54 

61,5 

D 67 ’ 

62,5 

3 59 

62 

^ 73 

64 


Wmds. 


Weather, 


Inches. Inch. 

29.95 0,020 

3°» 01 

30,16 0,061 

3°> 1 3 

30,02 

30,00 

30,05: 

30,05 

29,78 0,060 

2 9»?3 

30,04* 

30,08 

29,94 

29.94 
30,01 

29.96 

29,93 ; 

29,8s 

29,64 1,150 

29,73 

2 9’®3 °>035 

29,80 

29*95 0,345 

29.95 
30,02 
30,04 
30^5 

3 < V 5 

30,08 


w 

WNW 

WNW 

WNW 

w 

w 

w 

wsw 

SSE 

W 

w 

w 

wsw 

wsw 

w 

w 

w 

SE 

NW 

NW 

N 

WNW 

W 

W 

w 

w 

wsw 

wsw 

w 


I [Fair. 

X Rain. 

I Cloudy, 
I Fair. 

I Cloudy* 
1 Cloudy* 
I Cloudy. 
1 Fine, 
x Fine, 

I Hazy, 

1 Fine, 

X Fine, 

2 Cloudy. 
2 Cloudy, 
x Fine, 

2 Fair. 

I Cloudy* 
r Rain. 
Rain. 

1 Cloudy. 
I Cloudy, 
I Cloudy, 
X Cloudy. 
1 Cloudy. 
I Cloudy. 
I Cloudy. 
X Cloudy. 

1 Fair. 

2 Cloudy. 
2 Cloudy. 









i inae 


ii* 2u# 


l iiwrra l num* 
\ xbou i uihin. 


6 


7 

2 

7 

o 

7 

2 

7 

2 

7 

a 


7 

2 

Jy | /jjr 

2 

7 
2 

91 7 
2 

oi 7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7 
2 


0 

c 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

°l 

o 

a 

o 

I 

°! 

oS 

o 

Ol 

o 

o 

I 

o 

0 

o 

o 

c 

c 


6 s 

68 

5 2>5 

64 

49*5 

5 8 

^ 8 

61 

45 

55 

46 

60 

46 

55*5 

49 

5 8 

49 

62,5 

57 

64 

54 

64 

55*5 

^ 3*5 

56*5 

67 

* 5 ^ 

65 

1 7 7 

49 

62 


iSaronj. 


Run. 


Winds 


n 

Inches. 

Inch. 

Foiins 

Str. 


6 3*5 

29,91 


W 

X 

Cloudy. 

64 

29 88 


W 

1 

Cloud}. 

62,5 

-9,82 


W 

1 

Tan. 

62,5 

29,60 


w 

1 

Cloudy. 

61 

39 * 3 ! 

0,210 

w 

2 

Pine, 

61,S 

29,43 


w 

2 

Cloudy, 

60 

29,64 


WNW 

1 

Pine. 

02 

29,64 


W 

1 

Cloudy. 

59 >5 

29,67 


w 

1 

Fine, 

61 

29*77 


WNW 

1 

Fan. 

59 

3 °> 00 


N 

1 

Fine. 

60 

30,03 


NNW 

X 

Fan. 

5 8 >5 

3 0 * 1 ? 


NNW 

1 

Fine, 

60 

3°*°5 


N 

I 

Rain, 

5 8 *5 

30,06 

0,022 

N by W 

I 

P me. 

6 x ,5 

30,12 


NNW 

X 

Pan. 

5 8 *5 

i 30,19 

i 

W 

I 

Cloudy. 

£ 9*5 

3°, 12 


w 

I 

Fan. 

59 

: 29,96 

O 

O 

Crt 

Us 

w 

I 

Cloudy, 

60 

i 29,98 


w 

X 

Fan. 

59.J 

59,9s 


w 

I 

Fine. 

61 

3°.°4 


w 

i X 

Fan, 

S 9 .S 

30, I I 


w 

I 

Cloudy. 

60,5 

30,11 


w 

X 

Cloudy. 

60,5 

30,00 


w 

X 

Cloudy* 

62 

29,94 


w 

X 

Fair. 

§hS 

29,80 


SW 7 

2 

Cloudy*. 

6X5 

29*75 


bW 

2 

Fair, 

62 

29,78 


ssw 

X 

Cloudy, 

6 3*5 

29*75 


vvsw 

1 

Pair, 

61,5 ; 

29,98 


wsw 

X 

Fair. 

62 ,s) 

30,10 


w 

I 

Fine, 


Wcatha, 


E T 
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METEOROLOGICAL JOURNAL 

for September 1790. 


1790 

T ime. 

Therm 
r ithout 

i htrm 

1 ithin. 

1 r 

Buom. 

Rain. 

Inch. 

Winds 

» 

Weather. 

H. IM 

0 

O 

'nches. 

Pointb. 

Stt. 

Sept. 17 

7 

0 

48 

61 

3°)33 


W 

1 

Fan . 


2 

0 

63 

( >3 

30,26 


SW 

i 

Fine. 

„ iS 

7 

0 

46,5 

61 

30.15 


SW 

1 

Fine. 


2 

0 

68 

64 

30,08 


SW 

1 

Fine, 

19 

7 

0 

5 6 

6 M 

29,85 


SW 

1 

Cloudy. 


2 

0 

68 

65 

29,72 


SW 

2 

Fair. 

20 

7 

0 

5 2 

6 3>5 

29,64 

0,020 

S WSW 

2 

Fine, 


2 

0 

62 

64 

29,68 


, w 

2 

Fine. 

21 

7 

0 

50 

60, s 

29,83 


w 

2 

Fine. 


2 

0 

59 

Ks 

29*99 


WNW 

2 

Cloudy. 

22 

7 

0 

47 

59 1 

3 °> 2 3 


w 

I 

Fine, 


2 

0 

6i >5 

60,5 

30*, 20 


ssw 

2 

Cloudy, 

23 

7 

0 

58 

l 60 

; 29,90 


ssw 

2 

Cloudy, 


2 

0 

66 

! 61,5 

29,90 


i w 

2 

Cloudy. 

24 

7 

0 

55 

61,5 

3°> 2 5 

0,063 

NW 

2 

Cloudy, 


2 

0 

61 

6 j ,5 

3°>34 


NW 

2 

Cloudy. 

2 5 

7 

0 

53 

60 

3 °> 3 $ 


NW 

I 

Cloudy. 


2 

0 

60 

61 

30*35 


NW 

I 

Cloudy. 

26 

7 

0 

48 

59)5 

30,42 


WNW 

I 

Cloudy. 


2 

0 

60 

60 

30,42 


N 

I 

Cloudy. 

27 

7 

0 

5 2 

59 

30,36 


NE 

l 

Fair. 


2 

0 

56 

S 9 

30,30 


ESE 

I 

Cloudy. 

28 

7 

0 

42 

5 B 

30,14 




F °ggy. 


2 

0 

56.; 

59 

3°>°5 


w 

I 

Fine, 

29 

7 

0 

50 

58 

30,17 


N 

I 

Cloudy, 


2 

0 

S 9>5 

59 

30,22 


N 

I 

Fan. 

3 ° 

7 

0 

5 2 *5 

SB 

30,25 


NE 

I 

Cloudy. 


2 

0 

59 »$ 

59»5 

30,20 


E 

I 

Fair. 

..J.n ■ .... 1 


c 2 


METE 
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for Odober 

I79O. 



- 

fime. r 

Fheinau r 

Fherm.ll 

3arom. 

Rain. 

Winds* 





vithouc v 

vithin. 





Weather.- 

* 79 ° - 
1 

3. M. 

O 

. 1^ 

inches. 

_nch* 

Points. , 

3ti\ 


Oct. i 

7 o 

46 

'V 

3°)°3 


E 

1 

Fine. 


2 O 

57 

59>5 

29,95 


E 

1 

Dine. 

2 

O O 

49 

5 8 

29,80 


ENE 

1 

Cloudy.. 


60 

60 

29,78 


E 

1 

Fine. 

3 

7 ° 

s 6 

59 

29,77 

° s °8 3 ’ 

E 

1 

Cloudy. 


z o 

64 

60 

29,82 


S 

1 

Cloudy. 

4 

7 o 

S *>5 

59 

29,90 


N 

1 

Cloudy, 


2 O 

57 

59 ) 5 - 

29.95 


W 

1 

Cloudy, 

■ ■ 

; S 

7 ° 
2 0 

52 

60 

59)5 

60,5 

30,00 

20,00 

29,80 

o,4o’x 

W 

1 

Foggy. 

Fair, 

6 

7 o 

54 - 

60 

0,132 

SW 

2 

Cloudy, 


2 0 

6a 

62 

29,80 


svv 

2 

Fair. 

7 

7 ° 

S 6 

60,5 

29,78 

0,035. 

ssw 

1 

Cloudy, 

2 O 

64,5 

63 

29.76 


SW 

1 

Fine. 

8 

7 o 

5 1 

Hs- 

29,84 


WNW 

: X 

Fine. 


2 O 

59 

^ 3)5 

29,89 


WNW 

1 

Fine. 

9 

7 ° 

52 

61,5 

29,89 

0,101 

N 

I j 

Cloudy.. 


2 0 

54)5 

63*5 

29,94 


Nb3W 

I 1 

Fine. ' 

10 

7 o 

40 

S 8 ' 

30*09 


NE 

I : 

Fine. 


2 C 

5°)5 

59 

30,08 


N 

1 

Hazy, 

ii 

7 c 

39 

5 6 >5 

30,11 


N 

X 

Foggy. 


2 C 

> 53*5 

59 

3 °)°; 


SSW 

X 

Fine. 

12 

7 c 

1 5 i 

57 

29,86 


wsw 

X 

Cloudy. 


2 C 

> 5 8 

57)5 

29,66 


SW 

2 

Cloudy. 

I: 

S 7 c 

> S3 

56)5 

29,71: 

O 

a 

*~-sI 

Co 

: bW 

2 

Fine. 


2 C 

> 55)5 

5? 

29)79 


•y/ 

2 

Fine. 

j 14 

[. 7 c 

> 52 

56 

29,80 


SW 

% 

Cloudy, 


2 C 

> 64,5 

59)5 

29)79 


SW 

% 

Cloudy, 

1 ‘ 

; ? c 

5 53’5 

5’8)5 

29,98 


WSW 

2 

Fair. 

if 

2 C 

) 62 

60,5 

30,oo 


w 

2 

Cloudy. 

> 7 c 

3 1 5 „ 

58 

3°.34 


w 

X 

Cloudy,, 


2 C 

5 53)5 

60 

30,40 


E 

I 

Fine. 
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179° 

rime. 

Thei 

without: 

Therm, 
wniiin, 1 

Saiom. 

Ram. 

Winds. 

Weather. 

II. 

M. 

O 

0 

Inches. 

Inch. 

Points. 

Str. 

Od. 17 

7 

0 

46 

57*5 

30,20 


E 

I 

Fine. 


2 

0 

57 

60, s 

30,01 


SSE 

I 

Fine. 

18 

7 

0 

55 

58 

29,89 


sw 

2 

Cloudy* 


2 

0 

55 

&o >5 

29,86 


w 

I 

Rain. 

19 

7 

0 

39 

S 7.5 

30 .'7 

0,263 

w 

I 

Fine. 


2 

0 

50 

60 

30*20 


w 

I 

Fine. 

20 

7 

0 

I 

57 

SOjOS 


E 

I 

Fine. 


2 

0 

55.5 

59*5 

29,96 


E 

I 

Hazy. 

21 

7 

0 

52 

58 

* 9*93 

O 

n 

O 

c* 

0 

E 

I 

Rain. 


2 

0 

60,5 

62 

29,87 

i 

E 

I 

Fine 

22 

7 

0 

54 

60 

29,75 

1 

E 

I 

Cloudy. 


2 

0 

62 

62,5 

29,70 


E 

I 

Cloudy. 

25 

7 

0 

53 

60,5 

29,72 


E 

I 

Cloudy.. 


2 

0 

59-5 

62,5 

29,62 


E 

I 

Cloudy, 

24 

7 

0 

; 5 1 

60 

29,72 


SW 

I 

Cloudy, 

i 

2 

G 

; 55*5 

62,5 

i 29,72 


W 

I 

Cloudy, 

25 

7 

c 

5 ° 

60,5 

29,70 


WNW 

1 

Cloudy. 


2 

0 

5 * 

6 -5 

2 9’7 7 


WNW 

I 

Fair. 

26 

7 

c 

49 

60 

29,90 


NE 

I 

Cloudy. 


2 

0 

: 5 ^ 

62 

29,90 


NE 

I 

Cloudy. 

27 

7 

0 

46,5 

60 

29*85 


NE 

2 

Cloudy. 

! 

2 

G 

49 

58,5 

29*83 


NE 

2 

Cloudy. 

28 

7 

0 

46 

58 

29,68 


E 

X 

Cloudy., 


2 

0 

48 

fiO 

29*67 


E 

I 

Cloudy,, 

, 29 

7 

0 

46 

58 

29*77 


E 

2 

Cloudy* 


2 

0 

48 

60 

29,83 


E 

2 

Fair, 

3 ° 

7 

0 

’ 43 

57 

29,84 


NE 

X 

Cloudy.. 


2 

0 

45 

57*5 

29,83 


NE 

2 

Cloudy*- 

m 

3 i 

7 

0 

40 

55 

29,86 


MNE 

X 

Cloudy. 


i 2 

0 

45 

58.5 

29,90 


N 

I 

Cloudy.. 
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without 


179O 


H M. 



iinrom I Run. 


inches, linen. I Points, 


54 
5&»5 

54.5 

58 

54?5 

5 B »5 

55 

5 ^ 

5^,51 5B 
57 
5 B 
5 b 
57 

55 
5B 
5b 
5B 
55>5 
57 
5b 

57 

56 

57.5 

55.5 

58 

55 

57 

54>S 
5b 
53 
55 


29,83 

29,66 

29,34 0,619 s 

29,48 

29,80 

29,78 

29.69 0,^70 

29.70 ! 

29.95 
29,94 
29,74 

29,6s 

29,64 0,057 

29,66 

29983 

29,87 

30,04 

30,09 

30,20 

30,06 

29.96 
30,03 
30 , i 1 
30,11 

30.16 

20.10 
30,27 
30,26 

30 , 3 ° 

30 2 7 

20.16 

3 0 . 11 


E 

E 

E 

E 

NE 

FNE 


FNE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

ENE 



1 C 

1 c 

2 C 


2 Oj 43 




















METEOROLOGICAL JOURNAL 

for November 1790, 


1790 

Time. 

f heim.j 
without 

Theini.' 

within. 

Barom, 

Ram. 

Inch. 

Winds. 

Weather. 

3 J | 

tr* | 

i 

0 

< 

laches. 

Pomts. 

Str. 

Nov. 17 

7 

0 

4 °»S 

53 

29,98 


ENE 

1 

Cloudy. 


2 

0 

43 >5 

55-5 

29,91 


ENE 

2 

Fair. 

18 

7 

0 

34 

52,5 

29,71 


W 

1 

Cloudy. 


2 

0 

3 b 

53.5 

29.55 


sw 

I 

Fair. 

19 

7 

0 

46 

53 

29 ,*3 


s 

2 

Rain. 


2 

0 

44 

55 

29.10 


ssw 

2 

Cloudy. 

20 

7 

0 

43 

53 

29,16 

0,295 

s 

2 

Fine. 


2 

0 

48 

56 

29,21 


s 

2 

Rain. 

21 

7 

0 

44 

53 

29,02 

O 

O* 

0 

sw 

2 

Fair. 


2 

0 

48 

57 

29,10 


sw 

I 

Rain. 

22 

7 

0 

43 

54 

29,27 

p 

Co 

Oi 

O 

s 

_ I 

Cloudy. 


2 

0 

4 8,5 

5^5 

29,38 


N 

I 

Cloudy. 

23 

7 

0 

46 j 

55 

29,61 

0,115 

N 

I 

Foggy. 


2 

0 

48 ! 

58 

29,68 


SW 

I 

Cloudy. 

24 

7 

0 

35 : 

54 

29,83 


sw 

I 

Cloudy. 


2 

0 

44?5 

56 

29,83 


w 

I 

Fine. 

25 

7 

0 

47 1 

S 4 ?S 

29*73 


sw 

2 

Cloudy. 


2 

0 

So 

57 

29,58 

1 

s 

2 

Cloudy. 

26 

7 

0 

49 

55 

29,48 

0,156 

wsw 

I 

Cloudy. 


2 

0 

48 

57#5 

29,74 


ENE 

I 

Cloudy. 

27 

7 

0 

3 6 . 

54 

30,21 


nw : 

•I 

Fine. 


2 

0 

42 

; 57 

30,28 


NW 1 

I 

Cloudy. 

28 

7 

0 

37 

53*5 

30,40 


N 

I 

Fair. 


2 

0 

43 

58 

30,34 


E 

1 

Cloudy. 

a 9 

7 

0 

34,3 

53 

3°> I 4 


E 

I 

Cloudy. 


2 

0 

35 

54 ? 5 

30,05 


E 

I 

Cloudy, 

30 

7 

0 

3 * 

5 ° 

29,72 


E 

I 

Cloudy, 


2 

0 

34 

5 LS 

29,66 

1 

E 

I 

Cloudy. 









METEOROLOGICAL JOURNAL 

for December 1790. 


Time. Therm. Therm; Barom. Ram. | Winds, 
without within. 


1790 


H. M. 


0 Inches. Inch. Points. Str. 


Weather, 


Dec. 1 8 c 
2 0 
280 
2 O 

38° 
2 0 
480 

2 O 

580 
2 0 
6 8 0 
2 0 

7 8 o 
2 0 

8 8 0 
2 0 

980 
2 o 
io 8 0 
2 o 
1180 
2 0 ' 

12 8 0 
2 o 

13 8 0 
a o 

14* 8 o 
a 0 

15 8 0 

a o 

16 8 o 
a o t 


3 ^ ' 
32 

43 

46 

4 2 >5 

50 

4 $ 

44 

37 

4a 

36 ; 

41 ’ 

38 

43)5 

47 : 

48 ■ 

47 ; 

48,3 

47 

5 ° 

49 
S* 

47 

43.5 

46.5 

48 

39 

46 

48 

38 

42 


49 29,64 

5°)5 29,22 

5 1 29,31 

54 29,59 

52 29,85 

55 29,51 

53 29,94 0*220 

5 6 29,97 

52 29,91 

56 30,00 

52 30,36 

5 6 >5 30 » 3 8 
5 i )5 30)33 
54»5 30’ 2 4 

54 30,15 0,105 

57 3 °' lS 

54.5 30*18 0,023 

57 ) 5 3fr l $ 

56 30,19 

58.5 30» ! 9 

56.5 29,96 

58 29,85 

54) 5' 30,06 0,015 

58 ) 5 30.08 

55 ) 5 .29)86 0,028 

5° 29,55 

55 29)85 0,444 

57 >5 30 )°° 

55 29,33 0,082 

57 29,40 

54 29)70 

51*5 29,361 


ESE 1 Cloudy, 

E 2 Snow, 

WNW 2 Cloudy. 

WNW 2 Fair. 

S 1 Rain. 

SSW 2 Cloudy. 

W 1 Cloudy, 

W 1 Cloudy. 

WNW 1 Cloudy. 

WNW i Cloudy. 

NW I Cloudy, 

NW 1 Fine, 

W 1 Cloudy. 

W 1 Cloudy. 

NW 1 Cloudy. 

N 1 Cloudy. 

NNW I Foggy. 

WNW 1 Cloudy. 

W 1 Cloudy. 

W I Foggy. 

W 2 Cloudy, 

SW 2 Rain, 

W 1 Fine. 

W 1 Fine. 

W 2 Cloudy. 

SSW 2 Cloudy, 

W 2 Fine. 

WNW 2 Fine. 

N W 2 Cloudy, much wind toft night,) 

W 2 Fair. 

W 1 Cloudy. 

S I Rain. 


METE 
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METEOROLOGICAL JOURNAL 

for December 1790. 


1790 

Time. 

.Theim 

without 

Therm 

within. 



Winds. 

Weather. 

H. 

WWW**- 

M. 

0 

O 

Inches. 

Inch. 

Points. 

Str. 

Dec, 15 

8 

c 

39 

54*5 

29.37 

0,220 

wsw 

1 

Fine. 


2 

c 

43 

S 8 

29,24 


SVY 

1 

Cloudy. 

i£ 

8 

0 

38 

5 2 

28,80 

0,107 

W 

2 

Cloudy, itiiich wind laft night 


2 

c 

39 

53*5 

29,15 


w 

2 

Cloudy. 

19 

8 

0 

3 I >S 

5**5 

29*55 


sw 

1 

Fine. 


2 

0 

33 

53*5 

29,15 


SE 

2 

Snow, 

20 

8 

0 

33 

5°>5 

20,90 

0,185 

SW 

I 

Fine. 


2 

0 

34 » 5 

S 3 

30,06 


WNW 

I 

Fine. 

21 

8 

0 

43 

50 ! 

29,90 


SW 

2 

Cloudy. 


2 

0 

So 

53 

29,79 


S 3 W 

2 

Rain. 

22 

8 

0 

38 

5**5 

30,06 

S> 

0 

O 

W 

2 

Fine. 


2 

0 

43 

54 >S 

3 °>I 7 


w 

2 

Fine, 

23 

8 

0 

38 

52 

29,74 

0,136 

w 

2 

f Fan, much wind, thunder 
[ and lightning laft night. 


2 

0 

43*5 

54 

29,87 


w 

2 

Fair. 

24 

8 

0 

37 

52 

30,24 


w 

I 

Foggy. j 


2 

0 

42 

54*5 

: 30,17 


sw 

I 

Cloudy. 

25 

8 

0 

44 

53*5 

3 °*°° 

°* r 33 

NW 

1 

Rain. 


2 

0 

44 

54 

30,08 


N 

1 

Cloudy. 

26 

8 

0 

33 

5 2 

30,24 


W 

I 

Foggy. 


2 

0 

35 * 5 , 

53*5 

30,22 


SW 

I 

Cloudy, 1 

27 

8 

0 

3 ° 

49 

30,04 


WSW 

! 1 

Fan, 


2 

0 

38 

53*5 

29,90 


sw 

1 

Cloudy. 

28 

8 

0 

33*5 

5 ° 

29,97 

0,020 

WNW 

1 

Fine. 


2 

0 

3&*5 

54 

30,07 


NNW 

i 

Fine, 

29 

8 

0 

30 

48,5 

3°* 2 5 


N 

1 

Fine, 


2 

0 

32 

ji.5 

30,22 


WSW 

1 , 

Fine. ; 

20 

8 

0 

37 

48 

29*94 


s 

2 1 

Cloudy. ^ 


2 

0 

39 

5° 

29,84 


ssw 

2 ' 

Cloudy. 

31 

8 

0 

3 6 

48 

30,02 

0,3 °s 

N 

I 1 

Cloudy, 


2 

0 

41 

S^S 5 

30*^4! 


N 

1 jCIoudy, ] 


Vol. LXXXI. <1 * 79 ° 













Therm without. 

IJ90 

sS . 

£U ^ 

g« 
0 a 
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VIII. On the Rate of Travellings as performed by Camels % and 
its Applications as a Scale? to the Purpofes of Geography* By 
James Rennell, Efq* R R. S* 


Read March 17, 1791, 

A MONGST the difcoveries and improvements of various 
kinds, that may be expe&ed from the very laudable, and, 
as it concerns mankind in the grofs, no lefs humane and bene¬ 
volent inftitutiou of an association for promoting dis¬ 
coveries IN THE INTERIOR PARTS OF AFRICA, that of the 
geography of the Continent in queftion may be expected to 
make the quickeft progrefs: fince, in every kind of diftant 
refea'rch, whether fuccefsful or otherwife, the aft: of enquiry 
alone.brings materials to the geographer, But, even with every 
. Vql. LXXXI. T ordinary 
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ordinary advantage, the geography of a continent mufl necef- 
fariiy be flow in its progrefs towards maturity; we, therefore, 
can only exped to witnefs its early infancy; and cannot, from 
a view of the prefent, allow ourfelves to predid what its 
future features may be. Let it be our care,. however, to fofter 
it; and contribute all within our power towards its improve¬ 
ment and perfection. 

In a cafe where there is fo little probability, even in a long 
courfe of time, of obtaining many fixed points by celeftia! 
obfervations (though l hope that one at leafit will be attempted 
in the central part of Africa, in our time), it is fortunate that 
the mode of travelling happens to be fuch, as ferves to furnifh 
a remarkably equal fcale : the rate of the camel’s movement 
appearing to be, beyond all others, the leaf: variable; whether 
we examine it by portions of days, or of hours. In the prefent 
Rate of things, the former mode alone can be ufed; beCaufie 
few or none of the African travellers carry watches with them t 
but it may be hoped, that at no very diftant period, the time 
employed on the road may be obtained with fuch a degree of 
exa&nefs, as to furnifh the geographer with materials of a far 
better kind, than any of thofe, formed on computation, that 
have hitherto been exhibited. 

Thefe remarks occurred on the refult of an examination, 
which (though for a different purpofe) I lately made into the 
rate of the earners movement on the Arabian defert, between. 
Aleppo, Bagdad, and Bufforah : for it appeared to me, that if 
the African caravans are compofed of the fame kind of camels, 
and are governed in their motions and oeconomy by the fame 
circumfhnces, as thofe which crofs the Arabian deferts; there 
is no fcale, of the computed kind, that can be more applicable 
to the African geography, than that formed on the camel’s rate 

of 
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of travelling. I {ball therefore detail the examples from 
whence I have drawn the proportions for the hours and days 
journey of the camel, under the two different degrees of bur¬ 
then, which conftitute what is commonly denominated the 
light, and the heavy caiavan. 

The routes which furnifh the above examples are determined 
in their horizontal, or direct diftance, by the xefpe&ive por¬ 
tions of Aleppo, Bagdad, and Bussorah : all of which 
have their latitudes and longitudes fixed by celeflial obferva- 
tions Thefe routes are five in number : and although fome 
of the journals that defcribe them, contain lefs information 
than others, yet all of them have the time given with a fuffi- 
cient degree of precifion, to enable me to found a general rule 
on. Three of thefe routes lead acrofs the great desert, or 
that between Aleppo and Buflorah; the other two are acrofs 
the little desert, or that between Aleppo and Bagdad. 

The firfiof the Great Defert routes was traced by a Mr. Car¬ 
michael in 1751. The manufcript copy of his Journal was 
obligingly communicated by my friend Dr. Patrick Russell ; 
and it manifefis a great degree of ingenuity and petfeverancc 
in this way. The Author declares, that he was determined to 
•keep a regifier of the courles by a compafs, and to compute, 
comparatively, if not abfolutely, the intermediate difiance on 
each courfe; by counting the fteps or paces of the camel on 
which he rode, during a certain interval of time; and after¬ 
wards meafuring a number of them on the ground. The 
particulars of this operation {hail be given hereafter; and 

# Aleppo, in Conn, des Temps, lat. 36° n', long. 37 0 9', reckoned fiom 
•Greenwich, 

Bagdad, by M. Beauchamp, lat. 33 0 22', long. 44° ai y , Greenwich, 

Buflorah, by Capt. Ritchie, lat. 30* 30', long. 47 0 33', Greenwich. 

T % although 
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although Mr. Carmichael failed in the attempt to afcertain his 
road diftance by this method, yet his procefs has furnifhed others 
with the means of afcertaining the whole difiance in the aggre¬ 
gate, and of proportioning the parts throughout. For, as the dared 
diftance is given by the celeftial obfervations, and a complete 
traverfe table by the journal, the data are perfect. And when 
the reader is informed that Mr. Carmichael’s whole line of 
bearing, hy compafs v between Aleppo and Bufiorah, nearly 720 
Brltifti miles, coincided with the bearing line given by the 
celeftial obfervations 1 by which it appears that the error could 
amount only to the mean quantity of the variation throughout, 
which might have been from fix to feven degrees at that time 
(1751); he will give Mr. Carmichael credit for much 
general accuracy. And it is not improbable, that even a confl- 
derable portion of the above error may have arifen from the 
imperfedion of his inftrument *. 

The fecond journal was kept by Colonel Capper, in 1778, 
and was published feveral years ago; and the third, which 
contains little more than the time in detail, was communicated 
by my friend Mr. Hunter, who crofted the defert in 1767. 

The time given between Aleppo and Bufforah, by thefe 
journals refpedively, is as follows: 

By Mr. Carmichael . 323 hours. 

Colonel Capper , 310 

Mr. Hunter . sppf 

* * by Drummond’s chart of the road between Aleppo and Antioch 
(3747), that the variation tvas then about 6 degrees weiierly. This is proved by 
comparing his magnetic bearing line between thofe place?, with that given by the 

difference of latitude In the head of the Gulf of Perfia, the variation was 
7 degrees in 1785* 

But? 
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But to £hew that this difference arofe chiefly from the varia¬ 
tions in the route aerofs the chaldean desert (between 
Mesjid All and Bufforah; fee the annexed Iketch, Tab. III.), I 
fhall proceed, fir ft, to explain that part of the fubjed; and 
afterwards to exhibit the particulars in proof. 

Mesjid Aii (or All’s Mofque) is lituated at about two thirds 
of the diftance, and as nearly as poffible in the line of direction, 
between Aleppo and Bufforah; and is a fort of land-mark to 
the caravans which pafs the common boundary of the Arabian, 
and Chaldean deferts. Its geographical pofition is deduced 
from bearings and latitudes taken by M. Niebuhr and others: 
and therefore, as far as general geography is concerned, it 
may almoft be regarded as a fixed point. Not that the truth of 
its pofition will in any ftiape affed the prefent head of enquiry.; 
which, is entirely direded towards a comparifon of the fpaces 
of time, employed between certain points of the route, by each. 

I^raveller refpedively. 

Now, that portion of the Defert route between Mesjid All 
and Bufforah, being fubjed to great variation in the track, as 
appears by the journals of different travellers; whilft the much 
larger portion of it, between Mesjid Ali and Aleppo, is very 
nearly the fame at all times; it is very clear, that this latter 
portion furnifhes the propqreft- ground on which to form the. 
comparifon: and the particulars are as follow; 


Aletmo 
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Carmi- ’ 

CHAEL. 

Capper. • 

Hunter. 


Aleppo to Hagla 

H. M. 
11 5 

H. M. 
11 24 


H. M. 
to 0 

Hagla* 

Hagla to A r in il Koom «• 

Am il Koom to Uklet Hauran 

37 30 
So 10 

41 4 

78 41 j 


35 0 

8130 

to Taiba. 
to Uklet Hauran, 

( Hagla to Uklet Haurati 

Uklet Hanran to Al Kadder 

117 40 ' 
53 50 

! 

119 45 ! 

54 45 

116 30 
5 1 3 ® 

/ 

Hagla to AI Kadder . 

AlKadder to Rackama, op -1 
pofite Mesjid Ail 

171 3O 

21 45 

174 30 

19 50 

l68 O 

19 30 

6 

Hagla to Rackatna * 

*93 15 

194 20 

l 87 30 


Aleppo to Rackama . 

204 20 

2O5 44 

197 30 



On the Little Defert I have two examples of time, from ML 
Irwin in 1781, and Mr. Hqlford in 1780; both of whom 
kept regular journals. ,, ; 


* ( 

f Irwin. 

Holford* 

<r 

Aleppo to Ain ii Koom. . . . , * 

H. M, 
52 0 

H. M* 
46 27 

Ain il Koom to Annah on the Euphrates » 

76 0 

80 15 

Aleppo to Annah . • , 

128 0 

126 42 


It appears by the journals, that Mr. Irwin deviated frotrt 
the ufual track in the firft part of his route; and that Mr. 
Holford did the like in the latter part of his; each to avoid 

it 

an enemy : fo that it may be prefumed, that the deviations 
nearly balanced each other (fee the iketch). 

Between Annah and Bagdad, thele gentlemen made part of 
their journey in the caravan of loaded camels, and partly with 
light camels (that is, without any other load than the rider). 
Mr. Irwin employed 6 z% hours: but the lail 15 hours, on 
2 Hsrht 
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light camels, were at art accelerated rate of half a mile per 
hour, or one fifth part, above the ordinary rate; according to 
his idea, which I have no doubt was a very juft one : and this 
accelerated rate fhould add 3 hours to the 15, to reduce it to 
caravan time ; making 65§ hours inftead of 62!. Mr. Hgl- 
ford’s journey, by the fame ratio , muft be reckoned at 68: 
but as this part of the two journies is obvioufly too inaccurate 
to draw any Conclufions from, in the way of comparifon, I 
ihall only make ufe of Mr. Irwin’s time (to which no folid 
obje&ion can be urged) when I calculate the rate of the earners 
travelling;. 

We have now feen, that on a journey of about 200 hours, 
between Aleppo and Mesjid Aii, two accounts differ only 1 hour 
24 minutes; and a third differs from the mean of the other 
two feven hours and an half. And we may obferve, that if the 
ftage from Aleppo to Hagla be taken out of the queftion, the 
number of Mr. Hunter’s hours would be nearer on an equa¬ 
lity with the others by about an hour and a quarter (fee 
p. 134.). The reafon of the different reports of the diftance 
between Aleppo and Hagla, appears to be, that travellers com¬ 
monly join the caravans either at Hagla or on the road to it; 
and they, travelling by a quicker conveyance than camels 
afford, and then adjufling the time to the caravan rate, make 
different eftimates of the diftance. Or there may be fome 
other caufe which has not been explained. Four different 
perfons give the time as follows: 

H. M. H. M. 

Carmichael ii 5 Capper n 24 

Hunter 10 o Holford 9 12 

So that the proper point of outfet in making the comparifon, 
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is Bagla. And, reckoning from thence, we have in the firR 
table (p. 134.) the numbers 193I, 194!, and 187I, for the 
time between Hagla and Mesjid Ali, in the three journies 
refpe&ively: and the fame table affords alfo the following com-* 
parifons between different places on the route : 

In one inffance, 804, and 781; 

In a fecond, . 117!, 119I, and 116f ; 

In a third, . 53!, 54I, and 51I; 

And in a fourth, 171I, 174I, and 168. 

Again, between Aleppo and Annah on the Euphrates, the 
numbers in the fecond table fiand thus: 

izS, and 1261. 

I think I need not produce any more examples to prove the 
equal rate of motion of a camel that is in any degree loaded; or 
gather of a number of camels together, where the rate will be 
determined by the Jlow-going ones : and whatfoever rate, in a&ual 
diffance, may be deduced from thefe examples, muff be applied to 
loaded camels travelling in a body together, and not to light 
camels, or thofe chofen for fpeed, whofe rate appears to be at 
leaft 4-th greater. By a light camel is meant one that has 
only a man, or a very fmall quantity of baggage, on it; 
whereas a camel’s load is 500 to 600 pounds; and camels fo 
loaded, form what is termed the heavy caravan. Light cara¬ 
van, on the contrary, is applied to camels under a moderate 
load, or perhaps lit tie more than half loaded. And with 
refped to camels, either moderately or fully loaded ., I can per¬ 
ceive no difference in their hourly rate of motion : the differ¬ 
ence alone appears in the length of their day's journey; as we 
ffiall perceive hereafter. A camel, it is faid, will not permit 
himfelf to be over-laden ; and this may be the reafoa why the 
load does not affe£t his rate of motion. 
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It appears, that the direft diftance between Aleppo and 
Buflorah, is 621 geographic miles, or 720 Britifh, nearly. And 
Mr. Carmichael’s route, traced by a compafs through all 
its principal bendings, and calculated trigonometrically, gives 
688 geographic miles, or of Britifh 797. It follows then, of 
courfe, that as the fame gentleman was 322 hours on the road, 
the mean hourly rate of the camel’s motion, was 2,475 Britilh 
miles. Colonel Capper’s route, though ealily traced on the 
map, is not corretft enough in its particulars, to ferve as an 
authority equal to Mr. Carmichael’s ; and the like may be 
faid of Mr. Hunter’s: but they muft both be allowed to cor¬ 
roborate Mr. Carmichael’s in a general way; for as" nearly 
as Colonel Capper’s route can be traced, over the Chaldean 
Defeit (and, as we have before obferved, the track is nearly 
the fame at all times, in all other parts of the Defert) the 
hourly rate of his camels was 2,51 per hour; and that of Mr, 
Hunter’s 2,585. 

We come now to the little desert route. It has been 
noticed, that Mr. Irwin employed 128 hours on his journey 
from Aleppo to Annals; and 65 1 more (allowing for his acce¬ 
lerated rate 3 hours, fee p. 135.) between Annah and Bagdad; 
altogether 193! hours between Aleppo and Bagdad. The diredt 
diftance between thofe places is 393 geographic miles; and by 
the route traced by Mr. Irwin, the road diftance comes out 
about 414I, or British miles 480And this number, 
divided by 1931, gives 2,48 per hour for the camel’s rate; or 

* Not that the diftance between thofe places is fo much as 480 miles by the 
direft road: it is probably lefs than 470. But Mr. Irwin’s party took a cir¬ 
cuitous courfe to the fouthward, between Aleppo and Ain il Koom, to avoid ant 
enemy that lay in the way. He eftimated his diftance at 493 miles. 

Vol. lxxxi. u 
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within a very fmall fraction of Mr, Carmichael’s rate; his 

being, as we have juft feen, 2,475, 

I think I may venture to reft the calculation of the loaded 
camel’s mean hourly rate of travelling, on the experiments of 
Mr. Carmichael and of Mr. Irwin ; both of whom appear 
to have taken much pains with the detail of their jourules * ; 
and then it will ftand as under. 

Mr. Carmichael on 322 hours 2,475 |Mean 2,478 Rri- 
Mr. Irwin on 193I . . 2,48 J tifh miles. 

We have mentioned above, the refult of Colonel Capper’s 
and of Mr. Hunter’s time, which gave a rate fo very near to 
Carmichael’s and Irwin’s *. and it may not be amifs to add 
to thefe, the refult of Mr. Holford*& ; as well as the eflimates 
of the camel’s rate, formed by feven different perfons. All 
thefe I have placed in one point of view, in the following table. 



Carmi¬ 

chael. 

Irwin. 

Capper. 

Hun ter. 

Hol- j 

TORD, 

Plaisieu. 

Anony¬ 

mous. 

Bftimated rates 

Brit. mi. 
2,29 

2.55 

2,25 

■ 2,33 

2,24 


2.5 

Experiments 



2,51 

2,585 

2,5 I 

WB&m 



Mean of the feven eftimates, 2,35. 

Mean of the five experiments, 2,51. 

Mean of Carmichael’s and Irwin’s, 2,478. 

* Mr. Irwin alfo took the bearings of his courfe by a compafs, though not fo 
much in detail as Mr. Carmichael j bun Mr. Irwin not only return ked the 
time, but the particular rate of travelling, on each day; which appeared to vary 

from 2 to 3 pgr hour, but was commonly i\ j and the mean of all 2,55 Britifh. 
miles. 


Before 
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Before I quit the fubje£t of the hourly rate, I fhali obferve, 
that the road diftances in Mr. Carmichael’s traverfe table 
are often thrown together in lines of very conflderable length, 
fuch as 20 miles and upwards; and very commonly in lines of 
5, 6, and 7, and yet are all confidered as ftraight lines. By 
this mode, it is probable, that many final 1 inflexions pa fled 
unnoticed: and therefore the rate taken from the refults of 
Carmichael’s and Irwin’s obfervations, will be rather under 
the mark than otherwife; but it is obvious, that no kind of 
rule can be found to corred it by. It is certain, that fewer 
inflexions are likely to occur in the Defert routes, than in almoft 
any other; not to mention that the long lines of diftance hap¬ 
pen chiefly in the open, level part of the route. The road 
diflan ce exceeds the diredfc diftance, by one fourteenth part of the 
latter only, between Aleppo and Mesjid Ali; amounting to a 
fraction of ,168 Britifh mile on each hour; or in the propor¬ 
tion of 71 miles on each hundred of diredfc diftance. This, I 
confefs, is much lefs than I could poflibly have fuppofed; and 
which nothing fhort of actual experiment could have induced 
me to believe. On the whole road between Aleppo and Buf- 
forah, the proportion is nearly 1 1 on each hundred, on Carmi¬ 
chael’s route; but his route over the Chaldean Defert was 
unufuaily circuitous; and cannot be admitted to have any 
weight, in the determination of this queflion. 

One would expedfc that the inflexions of which no account 
is taken bv Mr. Carmichael, would amount to at leaft half as 
much as thofe which are taken notice of; and fuch addition 
would make the whole hourly rate 2,56 inflead of 2,475. But 
this is merely a fuppofition; and it is poflible, that the rate may 
not be higher than 2,52, the mean of the four other experi- 

U z ments* 
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meats. At all events, the eiror can be but fmall: and poffi- 
bly, all circumflances taken Into the cafe (and paiticularly 
this remarkable one, that of three peifons who attempted to 
afcertain the rate, by counting and meafuring the camel’s foot- 
fleps, none reckoned it higher than 2f, and one went fo low 
as 2?), I think the rate of two miles and an half per hour may 
be ufed, as differing but a fhade from the general refult; and 
as having the mofl manageable fradion. 

^Thus it appears to me, that the hourly rate of the camel 
may be applied as a very ufeful fcale to the African geography ; 
whenfoever the ufe of watches fhall be adopted by the native 
travellers employed by the African association * ; and with 
flill greater advantage, of courfe, if Europeans are employed* 
And if Mr. Carmichael could defcribe the general bearing, 
on a line of more than yoo Biitifh miles, fo nearly as within 
6 or y degrees of the truth; and that with a pocket compafs; 
nothing more need be faid concerning the advantages that may 
be derived from the ufe of that valuable inftrument, aided by 
fuch a fcale as I have been defcribing* 

The mean length of the day’s journey of the camel, varies 
according to the degree in which it is loaded : and in this parti¬ 
cular it is that the flate of the camel, as to its burthen, ope- 
lates on its progrefs. It is neceffary to obferve, that whatfo- 
ever remarks I may offer, on the fubjed of the camel’s day’s 
journey, are meant to be applied only to the mean rate on jour- 
nies of confiderable length; fince any other kind of experiment 
would be of no ufe in geography : 1 fhall therefore confideronly 
the progrefs of the light and heavy caravans, in which 

* Ia the Memoirs of Asm tl Kurrim, a Cafhmerian of dtftm&ton, he informs 
«s, that he kept an account of the time, on the road between Bagdad anti Mecca* 
by means of an European watch, in the year 1740. 

the 
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the camels are left to purfue their journey quietly and at lei- 
fure; and with the regularity of a machine: and not that of 
the light camels, which are not only freed from incum¬ 
brance, but are alfo urged on. 

I have two examples of the heavy kind, and three of the 
light kind, where the time has been regularly kept: befides a 
third example of the heavy kind, where the neceffary regularity 
is wanting, but yet containing within itfelf, evidence fuffi- 
ciently flrong to corroborate the other two. 

The heavy caravans were thofe of Mr. Carmichael 
and M. Holford ; the firft of 1000 camels, of which 
600 were loaded, went, on a journey of 45 days, at a h, m> 
mean, each day, . . . . 7 10 

The fecond, with 50 loaded camels, on a journey of 
15 days * • « • * 7 40 

Mean of the two, 7 25 

The third, Teixeira, with 130 loaded camels, on a 
journey of 21 days, about . . . 7 3a 

Mean of all, per day, 7 27 


The light caravans were, 


MefT. Irwin, 
Capper, 
Hunter, 


camels, 



II. 

M, 

r 21 days, 

9 

1 2 

13 3 — 

8 

3 $ 

I34 _ 

8 

45 

the three 

7 

5 * 


Here then the mean of the heavy caravan day is under feven 
hours and an half; and that of the light caravan between 
eight and three quarters, and nine hours. 


Some 
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Some of the ordinary watering places on the Defert, being 
from 3 to 5 days journey afunder, it may be fuppofed, that 
the length of the intermediate journies, would be determined 
by the known and approved ftandaid of a proper day’s walk 
for a camel: for as they often arrive at the wateiing-place 
early in the day, it appears, that the caravan chiefs, do not, by 
any means, divide the ground between luch watering places, 
into equal portions for marches. This being the cafe, one may 
expert to arrive at the knowledge of what is at leaf! intended 
foi a proper day’s journey for a camel, under the circumftances 
of the cafe: and indeed the refult is fuch as to piove what I 
have before advanced, refpe&ing the length of the mean journies 
of both kinds. For. having fele&ed from the five above-* 
mentioned journals, the length of the apparently optional journies 
in each; it appears, that the heavy caravans went 7 h. 51 m. 
on a mean of 24 fuch days : and the light caravans 9 h. 8 m, 
on a mean of 38 days. In both of which cafes, as might 
have been expected, the length of the mean optional day, is 
fomewhat longer than that of the whole journey; in which 
there is a wider field for delays and accidents. The compa- 
rifon is as follows : 


Heavy caravan. 

Light caravan. 



Diftanee in Entifh 


Diftance m Britifli 



miles. 


miles. 



at 



at 2! 


Mean daily rate of the 

H.M. 

per horn. 

at 2,56 

H. M. 

per hour. 

at 2,56. 

whole journey , . 

7 27 

18,64 

19,06 

8 52 

22,17, 

22,7 

3 f optional days , . 



20, t 

j. .Li 

22,8 

23,38 


nr*l 

Thus 
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Thus the mean daily rate of the heavy caravan, appears to be 
18,64 British miles, reckoning two miles and an half for each 
hour 5 and 19,06 if taken at 2,56 : and the mean rate of the 
light caravan 22,17 m ^ es > at 2 f 5 -2,7 at 2,56. 

In order to apply this fcale with effed, to the African geo¬ 
graphy, it is neceffary to hate the number of days that the 
Caravans ufually halt on the road; for as yet I have only confi- 
dered their rate of motion : but kb evident, that if the length 
of the journey in the grofs, is given, the requifite information 
will not be obtained, without a previous knowledge of the time 
loft by neceffary, or unavoidable halts on the road. My enquiries 
have furniflied me with an account of 13 halts, to 149 days of 
travelling; or, which is the fame thing, 13 halts out of 162 
days, reckoned from the time of departure, to the time of the 
arrival of the caravans at the place of deftination : that is, 1 
halt to 12I travelling days. This, of courfe, muft be de¬ 
duced from the aggregate of the diftance: or, ftiould it be 
averaged on each day, the heavy caravan day muft be reckoned 
at 17,14 miles inftead of 18,64 > ail d that the light caravan 
20,4, inftead of 22,17; when the hourly rate is taken at two 
miles and an half. 

It aifo remains to be ftated, from the proportion that the 
road diftance bore to the direct diftance, by the trace of Mr, 
Carmichael’s route; what length in direft diftance, and 
in geographic miles, may be allowed for each day, for the 
heavy caravan, on fimilar lengths of journey, and over fimilac 
trads of country. It appears then, that on the 28 days be¬ 
tween Aleppo and Rackama (oppofite Mesjid Ali) the mean 
length of the day’s journey, in diresft diftance, is about 15! 
geographic miles; and on the whole 45 days between Aleppo 
and Ruftorah, 13,8 fuch miles. 'But this is without any allow- 
1 . ance 
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ance for halts; which, as has been obferved before, require a 
deduction of 8 parts in 100, to be made from the grofs amount 
of the whole journey, when applied to the purpofes of geo¬ 
graphy. 

I have already taken notice, that Mr. Carmichael counted 
the camel’s Reps, in order to afcertain a fcale of diftance; and 
1 {hall now give the refult of his obfervations, as well as of 
Mr. Holfokd’s, who alfo counted the Reps, and meafured the 
length of a number of them on the ground. Mr. Hc/n ier’s 
experiment was on too fmall a fcale to ground a calculation on. 
It is certain, that thefe reports of the number of Reps during 
certain portions of time, and the meafurement of a certain num¬ 
ber of thole Reps on the ground, furnilh a refult that does not 
agree with the experiments on the great fcale; Rich as we have 
juR related, and which appear to' be fufceptible of greater accu¬ 
racy than thofe made in detail. But it will, nevertheless, be 
proper to give the refults, and to make fame remarks on 
them ; if be only to prevent any perfon in future from found¬ 
ing a calculation on them. 

Mr. Carmichael counted the double Reps, or rather the 
return of the fame foot, of a camel on which he rode, for an 
hour together, on 20 different days; at times when, from the 
nature of jhe ground, he thought the greateR variation took 
place,, in'the rate of motion. He found the greateR number of 
Reps to be 2420, the leaR 20&6 ; and the mean of the whole 
,00 hours,. was 2200. ,Mp Holford reckoned the greateR 
224.9/leaR 20605 -feeau. 2150. They both report the double 
Rip to he 5 fefet^and an half. The refult of the former account 
is 2,29 JJtttiih miles per ^hour ;' of the latter 2,24; and each 
allowed his,dj|pce accordingly, in his journal: though nothing 
ds more certain- than that their computed distances fall very 
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ihort of the truth. Mr. Carmichael, for infbnce, reckons 
the diftance from Aleppo to Bufiorah, by the road, at 720 
Britifh miles, although the direct diftance itfelf fcarcely falls 
Ihort of it. And Mr. Holford’s road diftance alio falls very 
ihort. Even Mr. Carmichael’s higheft number of paces, 
would exceed the mean rate given by the experiment at large, 
by a Jixtieth part only. 

As thefe gentlemen’s experiments differ only 50 fteps, in 
the mean number, during the hour (one being, 2200, the 
other 2150), that is, a 44th part, the error mu ft be looked ' 
for el few here; and it probably originated in their meafuring 
too fmall a number of fteps on the ground to found their cal¬ 
culation on. 

The reafon of this great variation in the number of paces, 
in a given time, is the plenty or fcarcity of the Defert fhrubs, 
on which the camels feed, as they go on ; and thus fuch expe¬ 
riments become aimoft: ufelefs, unlefs the quality of the Defert 
was defcribed in every part. As the hourly rate of Mr. Car¬ 
michael, coincides with that of Mr. Irwin, within a very 
fmall fraction, although the one travelled in November and 
December, the other in March and April; it appears, that the 
feafons have little or no effedl in this particular: and it is 
therefore highly probable, that the fhrubs may flourilh in fome 
parts of the Defert, and be dried up in others, at one and the 
fame feafon. 
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IX. On Infinite Series. By Edward Waring, Ml D . F. F. 51 Lucs* 
fian Pr&fefor of Mathematics in the Unherfity of Cambridge,,. 


Read March 24, 179 1. 


ERCATOR firft published the-contiuation of die 
, common method of divihoti to an infinite feries of 


terms proceding according to the diinenfions of a variable quan¬ 
tity) Newton did the lame for the common method of ex¬ 
traction of roots. Dr. Barrow before applied the fame princi¬ 
ples in feme eafy examples to find the afymptotes of curves. 

2. The methods of dividon and extraction of roots were 
long before taught; but the continuation of them in in¬ 
finitum would have been ufelefs, as the areas of curves,, whofc 


ordinates are ax m (where x denotes the abfeifs, and a, n, and m 
invariable quantities) had not been difeovered many years before 
the time of Mercator’s ^Publication, and confequendy it 
would have been of little ufe to transform an ordinate or fluxion,, 
•whofe area or fluent is unknown, into another form, of which 
the area, &c. is equally unknown. 

3* Sir Isaac Newton extended the rule for raifing a bino¬ 
mial (to. any affirmative power) to negative powers, the ex¬ 
traction of roots and fractional indexes, by applying the law 
of the feries for affirmative powers to them, and continuing it 
in infinitum . M, D£ Moivre extracted the root, &c, of a- 
multinomial by a feries of a fimilar nature; but thefe methods* 

tvilL 
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will only apply in the mod fimple cafes, when not more than 
one root is to be extracted. In every complicate cafe f f viz-. 
the extraction of roots of quantities which involve the roots of 
compound quantities) of irrational quantities, recourfe muft 
be had to the old methods of multiplication, divifion, and 
extraction of roots. 

4. If a root of a complicate irrational quantity be required 
by a feries proceeding according to the dimenfions of x ; fir£l 
reduce all the irrational quantities contained under the root by 
multiplication, divifion, and extraction of roots into feriefes 
proceeding according to the dimenfions of x t fo that the terms 
of the leaft dimenfions be confiituted firfi, if an afeending 
feries be required, and fo on; and the contrary, if a defend¬ 
ing ; then add the feveral fums together, and extraCfc the root 
of the refulting fum by a feries which proceeds according to 
the dimenfions of x f and it will be the root required. 

Ex. Let the value of the quantity v' (V -2 *f a 4 -^+ C *X 
%/ (d+ ex +*/(/+£**)) + sf(J 3 + kx z )) be required by an af¬ 
eending feries; firfi:, cxtraCt the innermofi: root </ (/*+£**) 38 j 


jfiq. £!L ~* 8 cc , which add to the quantity d-^ex contained un- 

der the fame root (m), and place the terms of the fum 
according to the dimenfions of x 9 and it becomes (d 4-jfl) -H# +, 


SL - 5 cc. of which extraCfc the (in') root, and there refults 
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b + - b xd+f* m xm + &c. = P; extrad the root 

*' m > 

i 

4- c x d 

7 2 . 

yi? + ^ B 4* 4- &c. = Q; add the three quantities P, Q, 

o.ti* 

and ^r- 2 4- a contained under the fame root %/ together, and the 
feries refulting, whofe terms are conftituted according to the 

X 

dimenfions of x, will be pr" 2 + (a + b x d+f B= A) 4- 

j—m _____ 

(lb x d 4-/f m x e+cxd = B) #4~&c,; of which ex- 
V m J 

trad the cube root \K, and it will be af ^ + fA#H- jB^ 4- &c. 
the root required, 

5. The principal ufe of reducing quantities into feries pro¬ 
ceeding according to the dimenfions of the variable quantity is 
as befoie mentioned for finding the area of a curve from its 
ordinate; or, which correfponds, the integial from its nafcent 
or evanefcent increment; but the feiiefes deduced fhonld con¬ 
verge, othenvife ftom them cannot be found the area or integral. 
In the Meditationes Analytical a method was firft publiOicd 
of finding when thefe feries will converge and when not, e. g, 
the feries a-{-bx+ ex* 4- dx % 4- &c. = f (A 4- Bx 4- Cx* + Dad 4- 
&c.) m xx~¥ will converge when (*) either affirmative or ne¬ 
gative is lefs than the leafl root («) of the equation A 4-Ik 4- 
CV 4 -Dx 3 4- &c.=0, if the roots aie poffible. A fimilar rule is 
given when feme of the roots are impoffible, The feries will di¬ 
verge when x is greater than «, and the cafes are given in which 
it will converge when x = «. The feries defending according to 
the dimenfions of % will converge when x is greater than the 
greateft root of the equation, &c. Thefe principles are fur- 

2 ‘ ther 
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ther applied in the fame Book to complicate irrational alge¬ 
braical functions of &c. 

Hence moft commonly the feries for the area contained be¬ 
tween two ordinates, or integral between two different incre¬ 
ments deduced by the common method will diverge ; on which 
account, in the fame Book, is given a method by interpolation 
of finding the area or integral contained between any two dif¬ 
ferent values of % by converging feries, if the area, &c. is finite. 

6. To find whether a given value (-M) is lefs than the 
leaf! affirmative or negative root (x) of a given algebraical 
equation A -f Bat + C# 2 + Da? 3 + &c. = o, if all its roots are 
poffible; transform the equation into another, whofe root % is 

the reciprocal of the root #= - of the given equation, and for 

s in the refulting equation write refpe&ively v + a and v-a; 
and if from the former fubftitution all the terms become ne¬ 
gative or affirmative, and from the latter they become alter¬ 
nately negative and affirmative, then will a be lefs than 
the leaf: root of the given equation. If in the fame manner, in 
the given equation for, x be fubftituted v + a and v —a 9 and 
the terms refult as before, then will (a) be greater than the 
greateft root affirmative or negative of the given equation. 

7. When the integral of an algebraical quantity, whofe in¬ 
crements are finite, is required; firft, by the method given in 
Medit. Analyt. invefligate the integral in finite terms, if it can be 
exp refled by them; but if not, reduce it into infinite feriefes of 
which the integral of each of the terms can be found, and alfo 
the feriefes for finding the integral contained between the two 
different given values of the variable quantity may converge* 

Seriefes of this kind have been given in the Medit. Analyt. 
and innumerable of a like kind may be added for finding 

integrals 
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integrals by converging feriefes either afcending or defending, 
of which the given increments are either finite or evanefcent. 

7, 2. It may be obferved, that geneially the particular cafe of 
which the increments are nafcent or evanefcent may be deduced 
from the general, in which the increments are finite; and con¬ 
sequently in many cafes the general will, mu tat is mutandis , 
correfpond to the particular; e, g, I. the integral cannot be 
expreffed in finite algebraical terms, when any fador in the 
denominator of the increment has not a fucceffive correfpon- 
dent one; which is analogous to the cafe of the fimple divilbr 
in the denominator of a fluxion publifhed in the Quadrature of 
Curves. 2, Nor can it be expreffed by the above-mentioned 
terms, when the dimenfions of the variable quantity in the 
denominator exceed its dimenfions in the numerator by unity, 
which correfponds to a fimilar cafe in fluxions fiift given in 
Medit. Analyt. To thefe may feveral others be added. 

8. Let the fluent of the fluxion (A 4- Bv* 4- Cx ttt 4- to.)* x 

x®~~*x = ax® 4- bx®+ n 4- cx 8 J r zn -\~ to, *» (A 4* Ba.” 4* 4- tox 

+ yx $ + zn 4 6 cc, « 4 - b'x % - n 4- 4- to. as» # 

(A 4- 4 Cx 2if 4- &c.) w + l x «V' 4- j 3 V ~\-y x *-*' 1 4. to. 

1. If the infinite afcending Series 4- fix 8 *" 4* yx°+ zn 4- to. con¬ 
verges, then will the Series ax® 4- W+» 4- cxHr** 4- &c. converge, 
and nearly in the Same ratio; and vice verfd, if the former 
"diverges, the latter will aifo diverge. In the fame manner if 
the infinite defending Series aV 4- j8V4* y 4- to, con¬ 
verges, then will the Series a'x x 4- 4- c'x 7 "~ in 4- to. con- 

verge; and if the former diverges, then will the latter alfo 
diverge; and in all the cafes neariy in the fame ratio, except 
only when their convergency is the leaft. 
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2. If die feries axP + 6 xfi+ n + cx?+ in +&rc, converges, then will 
the feries a'x x -f 4- c'x*- 1 ” 4- &c. diverge, unlefs in cafes of 

the flowed convergency, where x « =t:V \/=±=i f and all the 
roots of the given equation are of the formula =t:V t ; 

when x-±:V\/=^i 9 the fucceffive terms of the infinite feries 
deduced from algebraical quantities by the preceding method- 
will ultimately, that is, at an infinite difiance come more near 
to a ratio of equality with each other than any afiignable 
difference. 

3. If the fluxion be (A+B#*-f (V H .... x m ) m x then 
will x = mm -f and X ; =r & ~ rn» 

Many more propofitions concerning infinite feries and their 
convergency are given in the Medit. Analyt. 


4. Let the fluxion be a+ bx n x x n x, of which find the fluent: 
in a feries afcendhg according to the dimenfions of x ” 9 and it 

will be a m x x h+1 ( 1 ' m ^ — m “* 1 


tn ^b _ , 

— j .-X — x 4 ~m » — - -.. 

» + a 2(^4- 2w-f> 1) 




/ Z 

X —x iisr 


•frm 


m 


mb 


m —i 1 — n 


mn-b h -f I —n 
( x J + r m 

xl= 


w ~ 2 x l - XV + &c.) 

, jm—z » w»4-^+i— s» 

zk—I 0 ax ' 1 

-X 


2 $h + 3»+i) 


. 4- ffi 


i — 'Zn 

■ < 

+ 


# «b+a+x 

m —--- j, 1 

zws-p/;41 1 

4- &c.» a + 


X 


p 


A* 


+ i(»l + ^+x (” + 1 (”) + j ± 1 )* («+a (ff) 4 h_j. 1 ) 

h~\~ is b-\~ 1 * h~\~ 1 *t“K ^ i; 4 i * ^ 4* r 4 *^ • b 4 i -j- 2# 

P_ y r b-{-zn+i (?«4-1 . «-f ^4- s) » (mbr 2«-f/ ; 4 -1) . (gz + 3» + ^Hh i) j 
# 3 h 4 1 . i? 4 1 + « . h 4-14 2k • h 4-14 3« 1 

^4 3 »4i ^ &c.) = (Av s 4- #) W + I X ’ 

X « 4 . 


/;+I — »« 


otk 4 -^ 4 - 1 . mn 4 - b 4 - 1 — nP 
b+i — « 


zk>z4 £4 iXtk« 4 , ^4 I - j - 4*^"h 1 ***■2#^ 3 


X &C. (L). The 
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fiifl Cedes, which afeends according to the dimenfions of a", 

terminates, when f - in ^ ^ ~h . 1 Jg a whole negative number; the 

fecond, which defends according to the dimenfions of 

the fame quantity x n , terminates when is a whole 

affirmative number. The fluent will terminate both ways 

when — is a whole affirmative and m a negative num- 
n 


ber 


greater than 


h -J-1 

ft 

n 


5. When m is a whole number or=:o, 




x 


can always be found in finite terms of x, or in the above- 
mentioned finite terms, together with the log. of x$ 


which appears from 


1 educing a 4- bx 11 


into fimple terras 


,444 T 

a n J r ma m ~ iZ bx v + m . a m ~ % b z x z ” *f &c , and multiplying them 

into x h x, and finding the fluents of the refulting fluxions : but 
the feries found by the pieceding method will not always ter¬ 
minate when m is a whole number, and the feries find able as 
above mentioned; when propeijy corredcd, it may be ren¬ 
dered findable, or, which means the fame thing, the feries 
may be made to terminate. 

6. When the feries which exprefles the fluent of a fluxion 
terminates, we may begin either from one end of the feries, 
or the other; for example, in finding the fluent of the fluxion 

* ■ ffniiw,,r..r • -pi ^ ^ r m ***™**** ** #} *jh> £ 

a+vx' x x 'x 9 either aflume the feries a + bx n x (ax h ^ x -f 

0 x b ^ n + x + yx^ zn ^ J -p&c.) or the feries x ^^^^ 

G»»+&c.); the former, as is before mentioned, terminates 

when 
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when is a whole negative number; the latter when 

n n 

is a whole affirmative number. 

In like manner affume for a defcending feries (to 4-a)** 1 x] 

4. yV +I_ “3» 4. &c.), or (to 4- #}'«•!■ r x] 

(Aar" Jrir 4- Ba.’” w + m 4 - Or“ w + 3 » 4 - &c.) ; the former will termi* 
nate when — is a whole affirmative; the latter when 

n 

Sltii.I is a whole negative number. 

It appears, therefore, that a feries will terminate equally 
by an afcending or defcending feries; and the end of the one 
afcending feries is the beginning of its correfpondent defcend¬ 
ing one. All thefe feriefes, which do not terminate, proceed 
on in infinitum ; one term in the former feries becomes infinite,, 
when b 4- x 4- zn = o ; and in the latter (L) when mn 4- h 4* I — 
•ST? no, z being a whole affirmative number. 

io. It has been obferved in the Medit. Analyt. that if feme 
quantities contained in the given irrational ones aie much lefs 
or greater than the reft, it may be preferable in the former 
cafe to reduce them into feriefes not proceeding according to the 

dimenfions of x, but according to the dimenfions of thofe 

* 

quantities; and in the latter cafe according tp the reciprocal 
dimenfions of them ; and particularly fo if the fluent or inte¬ 
gral of the terms of the refulting feriefes can be found in finite 
terms, or by tables already calculated. 

From fimilar principles to thofe before given may be found 
when the refulting feries will converge, and when not. 

This method will in many problems be ufeful, when the 
value of a near approximate is known. 

You LXXXI, Y Of 
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Of this cafe 1 fliall fubjoin a few examples, of which fome 
have been already publilhed in the IVfedit. Analyt. 

Ex. i. Let the fine and cofine of a given arc A be refpec- 
tively s and c; then will the line and cofme of an arc A 4- e, 
where e bears a very fmall ratio to A, be refpedively 

^4- &c. (the figns pro- 


ce 


A i 

0 — 


f + 7 1 ,% r l ' i . a , 3H ' i . 2 3 . 4^ 

ceed by pairs alternately negative and affirmative) = s (r 

x 4 * / e 


l a . 

X 0 4“ 


i . %r 

&c.); and e~~ s - e 


i . a % 3 • 4 r 

* i 

r 


x £' — &c») + 


I • * 2 X 


r . 2 * 


I.2.^ + 1*2.3.4.5* 

- x r<? 3 4- &c. (the figns 


proceed as before by pairs alternately negative and affirmative) 




/ 4 - 


1 . %r“ ' I . 2 . 3.4? 

e$ - See.) 




e 4 - &c.) - - (e 


2 . 3 r 




* * 3 * 4 * S*' 

This feries can alfo eafily be derived from Newton’s feriea 
by plane trigonometry, and will converge much fwifter than- 


the feries A 


A 3 


- + 


AS 


- &c. &c. if e bears a fmall 


1 . 2 . 3>" a r 2.3 .4 • 5 
proportion to A. 

jgtf. 2, Let e be a fmall quantity in proportion to t, and the 
given fluxion 


f“ 4 - {t'k-c) r + r (r 1 4 _ f} 

(^+4 rxf + &c. ; ^ 


2(s + e z ^ c~‘Y ^ * 


{>' -K ) 3 


(* s + t~y 


r' 4 ' r ' + 


' X e X 6 +, 


2t x x e % 4- &c. (P); the co-efficient of a term 

of this feries will be a frad ion whofe numerator is 

m 4 1 m 

* T # 


ir - 4, t 
m- 


m-x-i . ~ xf xf xf+ f 4 - w 4 - 2 . 

2 


x 2 x r x ? 4“ / 


-W) — 2 


7 # + 2 JW+l W 

—» 9 # — 

/| u 


?n— i ni— 2. 


3 


X 


^ + 3 


2 
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r y 2 s x f x r 4 1 


■**»■#—'3 


4* &c. ? and denominator (r 5 4 /“) 2W ^ 1 ; and 
the co-efficient of a term i x ^ 2W + I will be a fra&ion whofe 

?«+1 


numerator is zt x (w 4 i ,r a + / 

w + 2 m -f-1 


-«—X 


-f 773-4 3 


772 

4~ 


772 4 a 


m 


X 2 s x f X | 


572 • 


X sV X r a 4 ** 




% 3 4 5 

See.) and denominator (r z 4 f) z,,t 4 - z ; m being a whole number® 

The continuation thefe feriefes is too evident to need enun¬ 
ciation, as mull generally be the cafe when the number of 
factors contained in the fucceflive terms continues the fame or 
increafes in arithmetical progreffion; and the factors them- 
felves increafe or diminiCh in an arithmetical progreffion; the 
terms proceed alternately 4 and — by pairs. 


2. 2. Let the given fluxion be 


(%te-4~^) 1L X/ 


- &c. 


2 te 


(t +'£■)" 


r z + i z 


x e 


•2 z t z )e 


2 fe -J- e z X / , 

"hj 

x e* 4 &c. 


(^4?F ~ r 2 + (r’ 4 «*/ " " (r - 4/ ) 

(Q); this feries becomes the fame as the preceding by fubftl 
tuting in it i for i ; in this feries e is confidered as variable 
in the preceding t. 

The fluent of the former feries (P) is \J- 
t .. .* frM- 7 ’ 




( r z + rf 


x e 


2Y) x e 3 


?“-H 2 " r z 4 -t* 

Sec.; the fluent of the latter 


3(? a -f i z ) 3 

feries (Q) is the fame as of the former (P) except the firffc 
term ffi— . : the co-efficient of the term e b in the fluents will 

Y~ + 1* 4 

be the fame as the co-efficient of the term e h ~~ x in the feriefes 
(P) and (QJ divided by h. 

This feries, when the tangent of a given arc Is known, finds 
the arc whofe tangent differs very little from the given tangent. 

ix. Let t be increafed or diminifiied by a quantity e in 
(P), where e bears a very final 1 ratio to any root or value of i in 

Y a the 
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the equations P = o or| = o; and the refulthig quantity 

expanded into a feries a + be + ce'de' + & c. proceeding accord- 
ing to the dimenfions of e , and this feiies be multiplied re- 
fpe&ively into / and ?; and the fluents of the refill ting 
fluxions found; then will the former differ from the latter 

fry J*at ; for the former will b sj*at 4 m + ~ x e + x ** 

4- —r- 4 &c. 5 and the latter 4 ~ 4 4 &c. 

2. In the fame manner, if more than one variable quan¬ 
tities x, y, s, &c. are contained in (P), which are increafed 
by fmali increments or decrements a, / 3 , y, &c., may the 
increments or decrements of the (quantity (P) be deduced from 
the incremential theorem. 

Ex, Let the quantity (P) be (a + 5 xP ) m 9 and a 9 h y x, n, and 
m be increafed by very fmali increments «, / 3 , y, S 9 atijd g; 

then will (tf 4 # 4 b + |Q x a? 4 y^ )* = (a 4 bx n ) m 4 (<? 4 &t B )* x 
log. <3 4* bx* x £ 4 tn x (a 4- x (a 4- fix* 4 3 x log, # 4 ; 
«wc r "~ I y)) 4 & c * 

The terms are to be fo placed, according to the dimenfions 
of the increments or decrements, that the greatefl may firft 
occur. 

12, Let fome compound quantities be increafed by any fmali 
quantities variable or invariable, but not the variable quantities 
contained in them; then'reduce the given quantity into a 
feries proceeding according to the dimenfions of the fmali 
quantities, and find the fluent, integral, &c. as required. 

M* 

Etf* Let the given quantity be ** r * * 

(#” 4 : a 4 (*“ + aj 
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\ r l X - r 

TT+Tn 1 ' 2 (*"+«") r+I 


r -f I r 4 - *? 


f-' p.-L 

x —-— 4. 

(* , +«')" r3 


&C., where the quantity tf + a 9 is increafed by a imall quan- 
tky 0 ; then wil 

W» x P)+ ——, (-■ „*-.V+. - ( w + 1 ~ r + 1?i ) * QJ 


r^xP) 


2 . nxa 


r m Y *T‘ 


1 - 1(33 


IIP f 
V ^ V 


(* w +«*y +t 

— (/# + i — r + 2») x R) 4- 


!LiL±ffli + 2 ’^ 

2 .3.4. ?. X (I 


~ ” n \ , r , «\| -I-2 '■ ' ' o 9 ,i ? v / ?J 

2 . 3 . kx <3 v (# -j-« j * 2 . 3.4 . ?. x& 

^**L y r ii . . a 

/ _:ff) x S') &c. The continuation of 

t ( ft "+/) , '+ 3 v 

the feries is evident; the letters P, Q, R, S, &c. denote the 

From the length of the arc of an hyperbola or ellipfe given 
may be deduced by this feries the length of a correfpondent arc 
of an hyperbola or ellipfe, of which the equations exprefling 
the relation between its abfcife and ordinates differ only by 
very fmall quantities from the equations exprefling the relation 
between the abfcilffe and ordinates of the former. 

13. The fame principles may be applied to the refolution of 
algebraical, fluxional, incremental, &c. equations. 

Ex. Let LmM, &c. (Tab. IV. fig. 1.) be a given circle, 
whofe center is C and radius (r), and it be required to find an 
arc LM, fo that the area LSM defcribed round a given point S 
contained between the lines LS, SM, and the arc of the circle 

LM be equal to a given area («). 

Find an arc T dfn ^ A nearly equal to the arc required LM, 
of which to radius 1 fubftitute s for the fine, and c for the eo- 
fine, and write e for «M=LM - L m and b for SC; then will 

LM x i(A+l x f j=±=SC x L x fin. r arc ;LM^ h - x 

Aff<r 
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ijK 

A+tf" 


~ * O' 


1 + 


A *f- 8 


&c.)) 


A b t 

— X T ;dh: — X f*S 

2 2S 


X C X 

2 


ce 


x se 


x ce + 


fubfHtute ir 9 and 


2.3.4. y 
b /l ", I 

- x f - x se h-- x 

2 r \ 2 2«3r 2.3 . 4r 2.3.4.5* 

0 \ ■ .1 • • r 2® — A/ y. rs 

o£C.^ — ot* 5 in this equation for *——*———-——• iuu«.huuv ■/*, 

for r^zbc write f, and the equation refulting will be e-„ 

se ' x ce' rt ~ x nf =*= „ „ x ce 5 

2/r 1 * 2 * 32? 1 s 2.3 « 1 ,2.3*4 * 5^ 

rp &c, ~ 7T» From it find e in terms proceeding ac¬ 
cording to the dimenfions of w, and there refults 
h 


■4. 


3 £Vd=&/ 


y 


— X 7S —-- a . 

2// 2. 3 * r~ 


X 9T 3 =fc&C. 


This method of refolving Kepler’s and other problems of 
cutting a given area deferibed round a point, whether focus or 
not, in a circle, when an approximate fufficiently near to the 
area to be found is given, will converge as fwift as any known 
method. 

The refolution of this problem may be deduced fomewhat 
different by the following methods. Let the letters, r, 
denote the fame quantities as before, and s be the fine of the arc 
L m to radius x, and s-\-o the fine of the arc LM nearly = Lm ; 

then will ’-1 A s ’ 

2 %J */ 


x s + 0 ~ a ; reduce the fluxion 


%/(,l—S+ 0 Z ) 2 

a 

s * 

—==r into a feries Pi + Q<?i + R<fi+Scfi + &c. and find 

the fluents of the fluxions Ri, Si, &c», which let be B, 

* C I) 

C, D, &c., there will refult the equation H— 0 Z + ~V &c. =3 

£ £ 

- -p " X A - - 7T, where and A “arc Lz#; find 0 

in terms of a feries proceeding to the dimenfions of w, and 
confequently j-j-o the fine of the arc LM required. 


From 
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From fimilar principles may be found the tangent of the 
arc required from the equation 7 - 



/ 4 - * X r x b 


I 4- (i 4- 1 } % '——\ ~ 

2^(1+/+/) 

where the tangent i to rad. 1 of the arc L m = A is given. Let the 
fluent of the fluxion ( - - —= A 4- Bi 4- Cr 4- Df 4 - kc. z 

\ 1 4 - (V-H)V 


and 


t 4 - 1 x 5 


= A 7 4- B7 -h CT + D9 + &C., the equation 

, . rC±C / * 2 rDzbD' Q o*-r 2 A —)A' 

will become t 4- rs^nv 1 + x 2 + &c« ~ 'rrtnr-rrr' — tt > 


/BrfcB' 


(r Bzb?l> j 


from this equation inveftigate /=tt 4- P^ a 4- Q?r 3 4- &c., and 
thence f+ / the tangent required. 

In like manner may be found the fecant, cofine, &c. of the 
arc required. 

14. The fame principles may be applied to cut an area de¬ 
fer! bed round any given point in a given curve equal to an 


area a. 

Let x be the abfclfs andy the ordinate of the given curve, and 
h the difhnce of the beginning of the abfeifs from the given 
points, and let (A) be the area of the curve deferibed round the 
point S, when the abfeifs is x, which differs very little from 
the given area (fi); to find the value x-j-e of the abfeifs, when 
the area ™ 

Lety—X a function of >r, and in X for x write x + e, and 
reduce the refulting quantity (X ; ) into a feries X 4- Br 4- Ce 2 4- 
D/4-&C. proceeding according to the dimenfions of e\ then 

will the area J'yx = 

A4&4^ + /f 4&c», and confequently A 4 */j? 4-i/4-/^4- 


y'X.v + eJ 4- e z f Cx 4 £J* Dx + &c. = 


&c.d=($:±>v 4 “ e) x = A 4- he 4- hi 4- ie % 4- &c 4- § {b x 4 e) x 
(X + Bf + Cr + D/ + &c.) = A + i(i ± x) x X+(i + ^ ±i x 

9 
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B+ IT) e- + (* + i(*=fc*)C + JB)* + (/+ D + |C) <?V 

&c. = a ; find the value of <? in a ieries pioceeding according to the 

dimenfions of -—= = —- and # + *? will be the abfcifs 

/j-f- \b±:x xB-j-fX 

required; X denotes the value of jy, when the abfcifs = x. 
From the fame principles may the ordinate y 9 &c. be found* 
This problem may be refolved in the fame manner, when 
X denotes an infinite furies deduced from an equation exprefling 
the i elation between the abfcifs and ordinate of the given 
euive. 

If the given area as be the difference between two areas 
SPM (*') and SPQ =/3 (fig,2.) ; for « fubftitute*'«/ 3 ,and the 
operation will be the fame as the pieceding. 

15. 1. Given any equations, of which the increments of 
the quantities contained in them can be found from each other, 
and given approximate values of each of the unknown quan¬ 
tities, which nearly correfpond to each other; to find approxi¬ 
mations, which differ lefs fiom the quantities themfelves than 
the given ones. 

Suppofe each of the given approximate values to be in- 
creafed or dim'mifhed by fmall in elements or decrements, as 
<?, 0, /, &c. which aie the approximations to be found; and 
from the given find the equations refulting from this hypo- 
thefis; and from thefe may be deduced, by fimple equations, 
the approximations fought e, /, 0, &c. by negle&mg in them all 
the powers of e> 0 , z, &c, except the fimple ones, and ail the 
products of them multiplied into each other; and confequently 
the equations deduced will contain only given quantities and 
fimple powers of the unknown <?, z, 0, &c» to be found. 

2. When two or more («) values of one (x) of the unknown 
quantities are nearly equal to its given approximate; then the 

7 equation 
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equation which finds the approximate to x will be a quadratic 
or an equation of n dimenfions. 

3. The approximations found by this method will converge 
more or lefs, according as the approximations given are more 
or lefs near to one value of each of the unknown quantities 
than to the remaining ones, &c. 

Thefe principles were printed in the Medit. Algebr. in the 
years 1768 and 1769. 


LEMMA. 


15. Let kab (fig. 3.) be a circle, whofe center is 0% and Vo per¬ 
pendicular to the plane of the circle; and the force of any cor- 
pufcle in the circle on the particle P vary as the corpufcle 
divided by the Qi) power of its diflance from the particle; to 
find the attradion of the circle kab on the particle P. 

From the fuppofita the force of any ring contained between 
the nearefl concentric circles led and hef of which* the center 
is o 9 on the particle P, will be as the area of the ring divided 
by the «th power of the diflance P h ; and confequently if 
P<? m A, oh ~ v 7 hlzzv, and p = periphery of a circle of which 
the radius is 1 ; the attraction of the ring on P will be as 


1 x 7 ,. T„ and the force of it in the diredion Vo as ~ x 
* 5 Pi? 


P'V’V 

** ‘ » 


pAvv 


1 


of which fluxion the fluent is 


(A*+«^) (A z + v' 1 ) ~ 

__L- th: -; and thence the force of the circle kab on the 

# r -~— I 


* 


I — nX (A z +v z ) 
particle V will be as 


p x A 


p xA 


l — nPk 


t$"~~X 


W—I 


f^J—) 


Yol. LXXXL 


"Cor, 


1 — «PO 

Z 4 
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Cor. i. The force of the area contained between the 

two circles kah and led on the particle P will he as ■—-~~ 

jyh. 

TT^Pf -1 * 

15. Let a folid be generated by the rotation of a given 
curve round a line in the axis Vo or Vo produced, and A the 
diftance of P from 0, and #:== distance of any circle gene¬ 
rated by the rotation of a point in the curve round the axis 
Vo from 0 ; and y the ordinate to the given curve, of which the 
abfeifs is x; and the fame things be fuppofed as before; 
then will the attraction of the folid on the point P vary as 

/ > p X A --VX x { px ^ _ p pxA-vXx 

^7Z7(A-^) n ” r J __ y~ 

?z— I X (A — # f f / a 

Let the given curve be a circle, of which the center is 0^ 
and radius /, and confequently -x x 9 and fL — — 

71 *-*“ I (A. ^ tV J 


p X \ —XX X 


f 


f _ ~~ )- 

«*— 1 . (A— a* -^y J 

fi— i . n —3 X (A —a)” “ 3 

px X A— a* 

P 


«-iX (A z -W 3 ~-2Aa 
A* -H a % 


J 


n* 


1 .»— 3(A~a)"" 


n— 1 


Hr 


7 ^ 


4 A a H f — n— \ 


J x(A°+/'-- zhx 


J" 7 * 


» —5 . ?2—gA“ » — 5A n — 5 . «—3 X A" ' 

By fubftituting — f and / for x in the preceding expreffioa 
the attraction of the whole globe on the particle P will be 


found X.(£tirl A £±C xA+ r”(L) - Ar^t r 

. /2 — 3X A 3, 7 s-.iiXA 4 


»— 5 . 3 x A x 




A-i 3 *(H)> 

16. If the particle be fituated within the globe, and confe- 
quently A lefs than t or —f 9 and n be an odd number negative 

or 
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or affirmative5 or fraction, of which the numerator Is odd; 
then the preceding refolution will be phyfically juft; for in 
this cafe, if the attraction on one fide of the particle be affir¬ 
mative, the attraction on the other will mathematically be 
negative, that is, phyfically oppofite: but if n be an even 
number, or fraction, of which the numerator is an even and 
denominator an odd number, the mathematical folution will 
not agree to the phyficai; for in the former the force on both 
Tides will be affirmative, in the latter the forces will be oppo¬ 
fite, and therefore phyfically the force in this cafe will vary as 
L + H, and not as L - H, which is the force in both the cafes 
when A is greater than t and - 1 . The fame may be applied to 
the more general refolution* 

17, LetABCD (fig. 4.) be a globe, of which the diameters AB 
and CD are fituated at right angles to each other, and AHBL be 
a fpheroid generated by the revolution of an ellipfe on its axis 
AB, to which let HL nearly equal to CD = AB be the conju¬ 
gate, and P a point in the axis BA produced; to find the attraction 
of the ring contained between the globe and the fpheroid on the 
point P, on the fuppofition that the force of any corpufcle in 
the ring on the particle P varies as the magnitude of the cor¬ 
pufcle direCtly, and the nth power of its diftance from the 
corpufcle inverfely. 

Let AB = CD = 2f, CD = HL (2c) +aCH«2c+«, and 
confequently = where e has a very fmall ratio 

to t, oP = A, po^x, and pM parallel to CD ; then, by 
the preceding lemma, the attraction of the circle whofe radius 

mi 1 pX,A~x pxh-x j . 

%spM on the point P will be ===r ^ n zi * ail£ ^ 111 

like manner the attraction of the circle, whofe radius Is pm, 

Z z will 
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•n y, pxA-» _ J y K ~f -—, and confequently the attrac- 
lion of the ring contained between the two circles is 


n 


p x A-* 

I'l „ PM""* 1 



A — 9i 



A—A‘ 


n —I 
z 


(a-/ + f 
&c. =/ x (* ”“7 j x 


J n— i 


«■ 


i x A ~x x (f- 


') 


~ , t 

(A s -f~i a -2Ax/ a 
A — A* 


X * + &C. X ** + ’ 


(A’ + i 1 


■ 2 Ax J 


u' 4 'i 

2 , 


x £ nearly? which multi- 


plied into x, and the fluent of the refulting fluxion found, it 


will be j 5 x(A* 4 -f — ihx. 


) » X ( (=J -— = 
V V n — n v t A 


Z': 


y?X A a +f = tf y* _ / 

»- 5 a V 


/ A a +1 

+ 2C X 


» — 3A 


«—3X A 


n — JXiA. 

bye + 


W-$f 

t b X A 2 + 2 


w— i n—lIS. 


O' 


If the attraction of the whole ring contained between the 
fphere and fpheroid be required, fubflitute in the fluent (M) 
f otx t and- t, and proceed as in the preceding cafes; in like 
manner may be found the attraction of the ring contained 
between any two values of x.. 

18. The fame principles may be applied to find the attrac¬ 
tion of the above-mentioned ring, when the line P/ is not 
perpendicular to the circles pM, pm, CD, &c., and does not cut 
the diameters CD, M'M, into two equal parts. They may be 
further applied for finding the attraction of rings contained 
between any other given folids, of which the equations differ 
by very fmall quantities from each other; for example,. 
*? between 
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between two fpheroids, of which the axes in the one do not 
differ much from correfpondent axes in the other, in which 
cafe the fluents found of the following fluxions may be 
ufeful. 


V— n—$t X 


n ~ 4 

/i — ^ . ?i 5^ 


72—4 4 n — Q 
."b 3 . »~5 . «~7 * 6 




—x % J ~ J 

1 « — 4 . ?2 — 0.?z~8 

\n —7 -T ■=— —— - -—- - 

J ^ ^ 3 4 ^ — 9* 3 


w — 4 . «— 6 . « — 8 . . . 2 x 

9 9 * ££ ■ '' Z -1 ttT T *' "’T *"' - ** -■T 'T-i — j -n- wnMire -.-rr ^ ^ ^ = 

tt~*3 . n — 5 . «—7 . /z — 9 . . , af~ l t —a*' 


( 2t 2 

_LZ - 

72 —•* ^ > Z2 6 » ?2 “ S * • * ^ » I ^ 

?z — 3 . — 5 . « — 7 . « — 9 * . 2i”“3 _/ / 2 — # a 

ber; but 


an odd num- 


■ f~ 


ft —4 


f — X-, 


l— »“3 fS 


?z—4 . w—6 


2 .,2 / 2 


- K“3 * «~5* 4 


(**-#■ 


2 .,2 / a 


(t*-# 


# « * a ft 


72— *2 . tt— C * ft — 7r 


if 72 be 


• • • 4 ' 2 - - x — JL— if n be 

n -~3 . ?z~5 . 7 . 9 . /z—11 . .. . 3 . i* * (r-# a )s 

even. 

Thefe principles may be applied to the finding approxi¬ 
mations in very many philofophica! problems. 

Cor . 1. From hence may be deduced the fubfequent arith¬ 
metical theorems. 


1 , 2m—2 . 2m—2. am—4. . , 

I* ~r 4" -========= + 5S5S~ — d“ 

2m— I t>/«~ x , 2m— 3 2 m— 1 . 2m — 3 . 2 m —5 

2m —2 . 2z» — 4. 2m —6 2 m — 2 . 2 m —4 .am — 6 .... 2 

2?/z—1» am—3 . am— $ . am— y am— 1 .am —3,2m—$. am—'j ,.. 3 . 1 


I; or, which is the fame. 


x a, am—4 jj 

* ^“3 am- 3 . iw— S 1 

ZM ■*** ^ 
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im— 4X2?/:- 6 


2772 — 4 . 2 <72 — 6 . Qm— B . * . 4 ^ 2 


a e e 


2/» - 3 X 2/7 - 5 X 2/22 — 7 ' 27/—3 . 27/— 5 . 277 — 7 . 22/2—9 

I . 272—6 


3 XI 


1 3 or-—» + 


272 — 5 2/7“5.227— 7 


4“ 


272 — 6 . 2”2“8 ... 4X2 
22 / 2—5 . 227—7 . 2222—9 . * * 3 X 1 


X ^ 5c C« 


272 — 2 


4- 


227 — 3 


+ 


27/2“ 3 . 22/2 — 5 


2/72 - 2 . 27/2—4 2/7— 2 . 27/2 - 4 .2772 — 6 

* e e • HH 

l* 

2, w __3 . 272—5 . 2772—7 . 2772 — 9 . ..7.5 


+ 1 


27 / 2—3 ' 2 72—5 . 27 / 2—7 
0 W 2 , 2772 -4 . 2772 — 6 . 2772- 


” 2 / 0—2 . 2772 — 4 » 2772 — 6 . 27/2 — 8 . 2/72— 10 ... 6.4 

2/72—3 • 27/2 — 3 . 22/2—7 . 2 7/2 — 9 . 3 _ 

2/»—2 • 27/2 — 4 . 2772 — 6 . 2772—8 . 27/2—IO , , 2 

2/// — 5 — 


*f 2 j 

1, or 


4- 




27/2 — 5 . 2772—7 


2772 — 4 2/72 — 4 . 2/72 — 6 2% —4 . 2/72 — 6 , 2772—8 

* 5 


+J 


2/72 — 5 . 2/72—7 • 2772 — 9 


— 2 X 


2/72 — 4 . 2/72 — 6 , 2772—8 ... 4 
2772 — 5 . 27/2—7 , 2/72 — 9 * 2/72—II ...5.3 ^ ^ ^ 

27/2 — 4 « 2772 — 6 » 27/2—8 1 2772— 10 * 2772— 12 » • • 4 » ^ 

3, By expanding the terms of the preceding fluents may 
be deduced the arithmetical theorems, to. 


M — 4.72 — 6 


?i —4.72—6 « n —8 


M~3.72-5.a-7 •»—9 
'4“« • • * 4h 


It —3.72 — 5 • 72 — 7 * n 

n 


x7i-9.72-7.72~5.fl~3 6 

x 2.4 * ^ ♦ S . , , 


» +5+ __x 2 x 4x6x8... 

5 
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in 4- 5 x = n — i . »+ i ■ » + 3 . « 4 - 5 . + ^ + 

if » be an odd number. 


167 


m 4-6 


2 . 


x n 


3 * n i » /2 4 ~ i * u 4 ~ 3 . » , n 4~ 2?/«? 4“ A *•£»■ 


a—3 « n—5 


x n — § * /i — 3 . » — x . » +1 


• » 


8 +2W-If 


« — 4 . i — 6 


a—3 • h—5 • n —7 


x n~y .8 — 5 • « — 3 . i 


« + zm — 3 4- 


»■ 


■ 4 * a 6 * a — ^ 


52—3.72—5 * a—7 • » — 9 

• * • Hh 


x « — 9 . /z - 7 . 8 — 5 , n - 3..,. n + 2/?/ - 5 


H' 


4. . w —6 • a S • • • 2t 


a—3.a—5 . » —7 .»—9 * -•3 x1 


* * * 3 • 5 • 7 • * 4- 3 


1 ,«4-i .» + 3 . » + 5 *• .»+2^ + 3>< n be aa 

even number* 

4, Arithmetical theoiems, fomewhat different, may be de¬ 
duced from taking the fluxions of the preceding fluents, and 
reducing the fractions refulting to a common denominator by 
multiplying them into f - x* 9 (f* — a? 4 )*, (f — at) 3 , &c. 

a—4 


x » - 4 4* 


r 


X 


#-3 


a—4.« — 6 « a— 8 


« — 3•» —S 


x n — 7 4* 


a — 4 . a — 6 
«-~3 * ? ‘~5 • »“7 


x « — 10 


»—q,a -5 


3 * 
1 -n 


n 


n— 7 . a —9 


- - 7Z —. •»—5 . » — 8 . • • 3 

X 71 — 1 2 , . . + 

n— 3 •«—5 *#— 7 . a — 9 z 


4 . n — 6 • n — 8 • a — 10 
n —3 • n — 5 . « — 7 * «*-~9 * /i ”‘ 11 


A 

* • i 


x —3 = o, if /z be 
a 


odd. 


2 * 


x » — 4+ 


»—4 


*—3 • »-5 


x » - 7 4- 


n —4 * 71 —o 


a— 3 * a —5•a—7 


X 72— 10 


. a. 


4. . « —O . « —8 • « . 2 


5,»— 7 . 7 Z—9 ~ a—3.«~5 *«—7* 9“*3X^ 

izf ^o, if « be even; or more general, if n be even* 
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n — 4 , ti — 6 • n 8 •.. n—'itn—i ---, i 

3. =—=====—=—=====-- == x n - 2/» - 4 +, 

n — 3 * 72—5 • ''"“7 » »—g • , . n— zm — 3 

72 _ a . «—6 . « — 8 * n —10 . . • n — 2 »i~i } -7— -7 \ 

- _= • ■ = --=M=s===r£ X f 77 / + I X 27/2 —6«~ IJ 

33—3-5 *»—— 11.•*« — 2rfi—5 

a~4 . 77 — 6 « «— 8 .7 — 10 . n~ 12 , . . n— 2W— 6 , 

T ~ -- =■ =r~ ==■.-====» X 

^—3 . 5 . n — 7 . 73—g . »— 11 . «—— 7 


jn 4 -1 


772 + 2 


zm - 8 — w 4- 2) + 


* « — 4 . » — 6 • w — 8 . ?i— xo . « — 12 • » — 14. • . . . n— im — 8 

a—3 • a—5 « 7 * »“9 * a— II • a— 13 ■ a—15 • «•« —2az—g 


(ff2 4- I 


+ 2 «n + 3 


x n — 2/» — 1 o — m *f 2 


772 + 3 


n —4 




. a —6 . ?Z—8 • 33—10 * * • • 32 —“ 2?n — 10 


a—3 ■ a—3 • a—-7 . 9* 72—11. *• n ~ wn - 


(#2 *4“ 


” *w+a 777-4*3 

1 * -» —* 

51 3 


2 i 4 x n - zm - 12 - *» + z . , ; iiii 

A 2 2, 


• • • * 


a—4.31--6 ,«-8 . 2 ^ 2 ^±3 ” + 4 

«— 3 , jz- 5 , »— 7 ... 3 x 1 2 3 


+ 4 a—4 

—• « • ( , ——; 

3 a - 2272—0 


w — 4 , w — 6 • »—8 « • w —2»i — 2 --- 

4, =—=====—==—=====- g==g s =g x n -* zm — 4 + 

a —3 . «—>5 . a—7 . a —9 . . n—zrn— 3 

»—4 . « —6 • «—8 « • * 33—2733 — 4 f ——— •—-—- 

. T ___________ __'_ 'A/ f I, T V/ ftrt rtKZli . A 


a —3 , a- 5 . a— 7 . a—9 «., a — am — 5 
33 — 4 ,. « —6 . a —8 .., 33 — 2 a /~6 


X (w 4* 1 X 0 - 3/// - 6 — 1 ) ■£] 


^ « — u • /f —o * . » « — zw“v/ /■ 7 m+ 2 - - - —-- 

—. =^= " ■ =•.=ar- - ^=====a XCw+I 

a — 3 . ?z—5 , «~"7 . jz — 9 . .. n— %m~ 7 2 ' 

77 —r~ N . «™4 . W —6 , 8 . » , a— 2773—8 /- 777 + 2 

+ 2 ) + = —^ ' • .^ . ===--- X fa -f I ,— X 

73-3 . 77 -5 , a—7 . »~ 9 . . . 72 — 2773 —9 V 2 


777 +3 


X » — 2 ^i - io - m -f 


777 4* 3 


♦ » 9 


• • 4 * 


«~4 . w — 6. a — 8 . * •. <? X 2 —— 

.===rrr==".== —X (w 4- 

*»— 3 -» — 5 *»— 7 -77-9..* 4 X 2 

sr+i ra + 3 m+ + 


7 ?+? “+3 *.-s 

a 3 77—2777—5 

»—s ^ 


# 9 9 # 9 « . . . . . . .. 

% .3 n — 27« *- 7 




Infinite Series, 


(3 


* , S' 


3 


■ %‘d 


?.■ 


i* 


o« if n be ail 


2 . . < 4x2 
odd number. 


X m P 2 . 


m± * tnj- 4 

2 a 


Many more arithmetical theorems may be deduced from the 
fluents of thcfc and other fluxions by flmilar methods, which 
cannot, without fome difficulty, be found from the common 
methods of finding the fums of feries. 

This method of finding approximations to the areas and 
lengths of curves, fluents of fluxions, and fums of feries, &c. of 
which the equations, to their increments, fluxions, &c. are given 
from the areas of curves, fluents, Sec, of which the equations 
to their increments, Sec, differ by very fmall quantities from 
the given equations was pubiiflied in the Meditat. Analyt. 
near twenty years ago. 


I (hall conclude this Paper with two theorems of fome little 
ufe in the dodrine of chances. 


THEOREM X. 
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n . —- a*a~~i*b»b-~i . b — z , •& — n 7 4 • na . b ,b»»i * 
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b~ 2 , * , b — n+ 2 . b— 1 . b - 2 ... 0 ~ n+i. 

If for a b- 1 1 a~\~b—2, a -J- $ — 3, &c., <7—1, a ~ 2, 
&c., h- i, ^-~2, &c. be fubftituted refpedtively 
— 2x 9 a + b — $x 9 &c«, <7 -at, a — zx, a - 3^, &c., 
b — 2>v, b - 3.V, &c„ the refilling equation will equally be jufl; 
and, laftly, if for a? be fnbfrituted o, it will become the bino¬ 
mial theorem. 

Gr. If there are two different events A and B» of which 
the numbers are refpe&ively a and b f and their chances 
of happening alfo as a and h ; and if A’s happen, let the 
whole number and alfo the number of A’s be dimi- 

tidied by a?, and in the fame manner of B’s happening, and 
£0 on; then will the chance of A’s happening n~I times, 
and B’s happening / times in n trials be L x a . . ~a~ %x . „ 

£(ft — /— x Jat x ^ » b — %, b — 2X , • b — (/ — 1 j„v divided by H. 

In a fimilar manner may be found, 1. the chance of A’s 
happening between A and k times; and, 2, the chance of A’s 
happening (b) to B’s happening (k) times; 3. of A’s and B’s 
happening refpe&ively h and k rimes more than the other; 
4 * chance of A s happening an even to its happening an* 
odd number of times, &e« in («) trials, &c. &c. &c. 
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the fame as the co-efficient of the term a l xb m xtf%d* 
X &c, in the multinomial <z4-£-M4-^4- &c. raifed to the 
power ». 

The chance of any number of events A, B, C, D, &c. of 
which the numbers are b, c, d, &c» happening 4 Wh p, q> See. 
times refpedtively in a limilar manner to A’s and B*s happening in 


the preceding cafe will be 


LxK 

H * 


, All the proportions mentioned as immediately deducible 
from the preceding theorem may, mutatis mutandis, with the 
fame eafe be applied to more events A, B, C, D, &c. 

If for a, b, c, d, &c. be fubfHtuted the fame letters, in- 
creafed or diminifhed by any given quantities, the refulting 
equation will be equally true. 


A a % 


t? •» 
Hr 



E R R A T A. 

VOL. LXXIX. 

J'T i im (r rj _^ 

Page 171# aft at +n « —~— * —— log. r-~- $p &cc» is omitted h ut log. r *** n ^ 

^ 3 

_ Yl - j -- _ 7/~~I ?; _ 2 

log. r~p+n . --log. r-ap-n • -— * -— xiog. r ~3j> + &c.zr, which 

2 3 

probably happened, In my abfence from the prefs, on account of the fmiilarity 
of the preceding quantity. 

Fage 1 *]%, l 1. for (±M + /W +(M± 





































E 173 3 


X. An Account of fome Appearances attending the Converfm of 
caji into malleable Iron* In a Letter from Thomas Beddoes, 
M, D* to Sir Jofeph Banks, Bart* P, S, 


Read March 24, 1792. 


S I R, 

Y OU are undoubtedly well apprized of an alteration lately 
introduced into our mantifa&ories of iron, in confe- 
quence of which the reverberatory has been fubftituted in the 
place of the finery furnace. The new procefs is capable of being 
indefinitely varied, I have lately been favoured with an oppor¬ 
tunity of obferving one of thefe variations with every advan¬ 
tage I could defire. As in this method the changes undergone 
by the metal during the fir ft feries of operations lie perfe&ly 
open to infpe&ion, a fhoit defcription of them may not per¬ 
haps be unworthy the notice of philofophical chemifts. 
Allow me to premife further, that I did not content myfelf 
with a fingle examination; and, for the fake of greater accu¬ 
racy, I took minutes of the phenomena, and of the time when 

i 

they occurred. A very intelligent workman was at the fame 
time dire&ed to anfwer all my queftions, fo that I enjoyed the 
benefit of his experience alio. 

In fomewhat more than half an hour after it was put in, 
the charge confifting of cwt. of grey pig iron was nearly 
melted, The workman now began to ftir the liquid mafs; 

for 
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for this purpofe he ufed fometimcs an iron lever, and fome- 
times a kind of hoe 5 but he fir ft turned the flame from off 
the metal, which is done by letting down a damper upon the 
chimney correfponding to that with which ordinary reverbera¬ 
tory furnaces are provided, and by rafting the damper of a 
fecond chimney, which proceeds immediately from the fire¬ 
place, and carries off the flame, current of air, &c. without 
allowing it pafs into the body of the furnace. 

In 50 minutes from the commencement of the operation, 
the metal had become in confequence of the conftant ftirring 
loofe and incoherent; it appeared about as fmali as gravel % it 
was now alfo ftifF, and much cooled. 

55 m. from the fame period, flame turned on again. Work¬ 
man keeps ftirring and turning over the metal; in 3 m. it 
becomes foft and femi-fluid; flame turned off; the hotteft part 
of the mafs begins to heave and fwell, emitting a deep blue 
lambent flame. The workman calls this appearance fermen¬ 
tation. 

1 hour 1 m. blue flame breaking out over the whole mafs; 
heaving motion alfo general. 

1 h. 13 m. metal full as hot, or, as the workman and my- 
felf both judged, rather hotter than at the inftant the flame 
was turned off, though it is now a quarter of an hour fince. 

1 h. 18 m. where there is no heaving and no blue flame 
the mafs is fenftbly cooler, and only of a dull red heat. 

1 h. 20 rm workman obferves, that the metal flicks lefs to 
his tools. Pig-iron, he fays, fattens upon it immediately, and 
mutt be Ihaken off by ftriking the other end with an hammer; 
as it approaches more and more towards nature (malleable 
iron) it adheres lefs; and when the tools come clear up out of 
the mafs. he judges it to be fermented enough. 


*7 
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i h. 23 m» little heaving or blue flame ; metal differ, and 
of a dull red; flame turned on and foon off again. 

1 h. 26 m. by con flan t ftirring the metal is become as fine 
as fand. Workman remarks, that the flame, which re¬ 
appears over the whole mais, looks more kindly. It is evi¬ 
dently of a lighter blue colour. 

If h. flame turned on and foon off again. Mafs ferments 
drongly. Hiding noife heard: this noife was didinguifhabie 
in fome degree ever flnce the blue flame and heaving motion 
became vifible, but always faint till now. 

1 h. 40 m. lefs blue flame. 

1 h. 48 m. flame twice turned on and off in this intervals 
Metal now clots, fiands wherever it is placed, without any 
tendency to flow, and no liquid pig iron now remains in the 
bafon of the furnace; the mafs has been condantly dlrred and 
turned over. 

1 h. 50 m, a little finery cinder appears boiling up amid the 
mafs. Workman attributes the increafe of the hiding to this. 

l h. 53 m. fcarce any perceptible blue flame or heaving. All 
the metal is now gathered into lumps, which the workman 
beats and prefies with an heavy-headed tool. He brings them 
fucceflively into the hotted: part of the furnace, into which 
the flame has been admitted. He now flops the port hole in 
the door at which he had introduced his tools, and applies a 
fierce flame for 6 or 8 minutes ; the metal is then rolled. 

Thefe appearances, at lead the mod intereding of them, 
feem to admit of an eafy explanation ; and I offer the following 
©bfervations as fupplemental to thofe for which we are already 
indebted to the Swedifh and French chemids on this impor¬ 
tant branch of metallurgy. I a flume the following propor¬ 
tions as already proved by thefe philofophers, 1. That cad 


iron 
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iron is iron imperfectly red need, or, in other words, that it 
contains a portion of the bafis of vital air, the oxygene of M. 
Lavoisier. 2, That it contains a portion of plumbago, with 
which grey cad; iron mod: abounds. 3. That plumbago con- 
fifts of iron united to charcoal. 4. That fixed air, which I 
would rather call carbonic acid air, confifb of oxygene and the 
conftituent parts of charcoal. 

The heaving or fwelling motion, fo confpicuous in the pro- 
cefs, is doubtlefs owing to the difeharge of an elaflic fluid; 
and the lambent deep blue flame, breaking out in fpots over the 
whole furface, fhews, that this elaflic fluid is an inflammable 
gas of the heavy kind. That no doubt might be left upon the 
former of thefe circumflances, I directed the workman to take 
out, at two different periods, a quantity of the metal where it 
was working mofl flrongly., Both proved, on examination, to 
be fpungy, cellular, and full of bladder holes. 

The heavy inflammable air, I imagine, is produced in this 
manner. The oxygene of the imperfectly reduced metal 
combines with the charcoal to form fixed air ; at the fame time 
another portion of charcoal is thrown into an elaflic flate, that 
is, into inflammable air, and burns on the furface with a very 
deep blue flame, on account of the admixture of fixed air. 
The heat which is fo obvioufly generated in the mafs at the 
beginning of the fermentation, I attribute to the combination 
of the oxygene and charcoal; a fadfc which, with feveral 
others as I have already remarked on another occafion * 9 fhews, 
if not the falfehood, at leaf! the imperfection of the modern 
do&rine on the fubjedt of heat. The acidifying principle, it 
would appear, has fome power of generating heat independant 
of its condenfation. Here abundance of elaflic matter is 
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difcharged; yet, not withflau ding the heat abforbed by its for¬ 
mation, and that which flows out of the metal in all direc¬ 
tions, the whole mafs becomes hotter. The oxygene cannot 
be fuppofed to have much fpecific or latent heat, becaufe it 
■undoubtedly exlfls in the iron in a very condenfed ftate. Neither 
does the appearance of the mafs allow me to afcribe this gene¬ 
ration of heat to the burning of the inflammable air at the 
furface, as will alfo be immediately evident for another reafon. 
The lefs deep blue colour of the flame at a fubfequent period 
in the operation is probably owing to the abfence of fixed air, 
or at leafl: to its being produced more fparingly, the oxygene 
being now nearly confumed. It will not appear furprizing, 
that the oxygene in this cafe fhould be confumed before the 
charcoal, if it be confidered, j. that grey iron contains a 
large portion of plumbago ; and, 2. that fixed air contains a much 
larger quantity of oxygene than of charcoal; near three times 
as much, according to our befl experiments on its formation : 
fo that I afcribe the fubfequent fermentation accompanied with 
the lighter coloured flame almofl: entirely to the converfion of 
the charcoal into an elaftic fluid. A very experienced philofo- 
pher, I am well aware, has aflerted, that water is necefiary to 
this converfion ; an opinion concerning the juftnefs of which 
I have long entertained great doubts. Whenever I have dif- 
tilied charcoal per fe, I have found the firfl: portions of gas 
to contain fixed air; an appearance owing, as I believe, to the 
decorapofition of water abforbed from the atmofphere; but, 
after continuing the procefs for fome time, there has ftill been 
a production of inflammable air; but from this neither lime- 
water nor milk of lime would abforb any portion, though 
when fired with vital or common air, it would produce fixed 
air; atxd if moifture was added to the charcoal, inflammable 
• Vol* LXXXI, B b and 
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and fixed air would be generated anew.- Moreover it appears* 
from the experiments of Dr. Austin and fame others, that 
charcoal confids of the hydrogene and' azote of the French, 
ehemifts. How far it may be difficult or impoffible entirely to 
convert charcoal in its ordinary date into gas, is a point I wifh to 1 
fee more fully illudrated by future experiments. At prefent it 
feems obvious, that the circumftances of the operation I have 
defcribed are particularly favourable to this converfion : for, I.. 
not to mention the violence of the heat, we have this fub- 
dance in a very attenuated date, fo that, very probably, the 
expanfive power of fire is very little, if at all, countera&ed by 
the attraction of cohefion, which cannot be faid in the cafe of the- 
mod minute mechanical divifion we can effeCt, z. The attrac¬ 
tion of the particles of the iron for one another will produce- 
an effort to extrude the intermixed particles of charcoal, and 
thus enable it more readily to aiTume the eladie form. 

Now, during the continuance of the lighter coloured blue 
dame, the mafs, as I obferved, {hews no power of generating: 
heat within itfelfa circumdance which indicates that the 
heat produced m the former part of the operation does not' 
depend on the burning of the gas at the fur face;, and I think 
infpedion will fatisfy any one that it is produced in the heart 
of the mafs.' It may indeed be objected, that the metal, now 
brought nearer to the date of malleable iron, may require a 
greater^ fupply of heat to keep it at the fame temperature. It 
is lefs fufible, as we are ,well adored. By referring back to the- 
minutes you will obferve, how very often it was necedary to 
turn the dame upon the mafs during this fecond fermentation- 
in order to keep it in a date in which it could be worked. 

The very copious production of elaftic fluids during an hour, 
and often during a much longer {pace, for in this indance the 

7 procefs 
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procefs was remarkably fuccefsful and fhort, does not feern. 
favourable to a late ingenious hypothecs, according to which 
water is the embodying principle of all eiafHc fluids. I have 
never indeed confidered this as very probable, and, after the ob« 
fervations I have related, I fee no means of defending it. Will 
it be faid, that the pig iron, as being in fome fort a calx of 
iron, contains water ? 

7 4 

In annealing crude iron, with or without charcoal, it is 
•well known to increafe in all its dimenfions. I have feen bars 
•originally ftraight bent like an S, when long expofed to heat in 
circumftances where they could not extend themfelves end¬ 
ways. I fuppofe this phenomenon may be owing to a very 
frnall beginning of this fermentative motion, which a£ts as an 
internal principle of expanfion. Caff iron bars, not in contadfc 
with charcoal, would, according to this fuppofition, by long 
annealing lofe of their weight; or if the heat was too low for 
the eiafHc fluid £0 be difchatged from their fubflance, they 
would probably blifter like flee!; an appearance undoubtedly 
owing to the generation of air. Mr, Horne, in his Effay on 
Iron, fomewhere remarks, that on opening thefe blifters he 
Has heard a whiffling noife as of air ruflung out. 

Dming the whole of this procefs, frequent jets of white 
fpaiks, of a dazzling brightnefs, played from the furface of 
the metal. They would have afforded an extremely beautiful 
fpe&acie but for the inconvenience of looking on lo hot a mafs. 
They arofe, no doubt, from the burning of fmall portions of 
•iron. 

The effetff of fo much ftirring as I have noted down does not 
require to be explained. 

The workman was clearly of opinion, that the fermenta¬ 
tion of hard or white crude iron is lefs than of grey in this 

B b 2 pioceis; 
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procefs; a fad which perfedly coincides with the preceding 
obfervations, fince that fpecies contains lefs plumbago, or in 
other words lefs matter fit to produce elaftic fluids, 

hi order to prove the extrication of fixed air duiing the 
fermentation of the metal, I once thought of introducing lime- 
water in an iion veflel within the body of the furnace; but 
when I confidered that the fire-place was not divided by any 
partition from the body of the furnace, and that the whole 
building was full of burned air, I omitted the experiment from 
a perfuafion that, even if the lime-water fhould become turbid* 
the fixed air might come from another fource. 

I was not unmindful of the fulphur which exifls, as I have 
reafon to believe, in every form of iron manufactured with 
coaks. I cannot, however, aferibe any of the effeds I ob«* 
lerved to its prefence. There can be little doubt, that fome 
portion was perpetually extricated with the inflammable ait 
during the whole procefs; for on diflolving pieces of the 
fiamped, or rather the rolled iron in weak muriatic acid, filver 
held in the extricated air was tarnifhed as much and as foon as 
by air from fpecimens taken out of the furnace at different 
times during the procefs. I could not but conclude, that the 
tarnifliing matter came from the iron, when I found the air 
from a folution of zinc in the fame acid, incapable of pro¬ 
ducing the colour upon filver. The appearance, the want 
of a martial aftringent tafte, and the diflolving adlon of 
cauflic alkali* led me to conclude, that the colour in each expe¬ 
riment with iron was derived from fulphur. 

I leave it to the adherents of phlogifton to accommodate 
thefe phenomena to their dodrine; confidedng it, for my 
own part, as fuperfluous to beftow any further attention upon a 

3 ' fvflem 
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fyftem which, after a long difcufiion, has been fully refuted in 
all its modifications, and which indeed feems on the eve of 
being univerfally abandoned* 

I have the honour to be, &c* 

THOMAS BEDDOES* 





XL On the Decompoftion of Fixed Air* 
By Smithfon Tennant, Efj* F* R* S* 


X 


R^ad March 31, 1791. 

A S fixed air is produced by the combuftion of charcoal, It 
has long been thought highly probable that vital air and 
charcoal are its conftituent ingredients. This opinion is con¬ 
firmed by the experiments of M. Lavoisier, from which he 
difcovered that the weight of the fixed air which is formed 
during the combuftion is nearly equal to that of the vital air 
and charcoal confumed in the procefs; and that the fmall dif¬ 
ference of weight may, with great reafon, be attiibuted to the 
produ&ion of water arifing from inflammable air contained in 
the charcoal. The compofitioa of fixed air therefore feems to 
be detei mined, by uniting its conftituent parts, with as much 
certainty as by that mode of proof alone it is poffible to ob¬ 
tain. But as vital air has a flronger attra&ion for charcoal 
than for any other known fubfiance, the decompofition of 
fixed air has not hitherto been attempted. By means, how¬ 
ever, of the united force of two attractions I have been able 
to decompofe fixed air, and thus to determine its conflituent 
parts in confequence of their reparation. 

It has long been known, that when phofphoric acid is com¬ 
bined with calcareous earth, it cannot be decompofed by dif- 
tillation with charcoal ; for though vital air is more firongiy 

attracted 
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attracted by charcoal than by phofphorus, .yet in this com¬ 
pound it is retained by two attra&ions, by that which it has 
for phofphorus, and by that which the phofphoric acid has for 
lime, fince the vital air cannot be difengnged unlefs both thefe 
attra&ions are overcome. As thefe attractions are more power¬ 
ful than that which charcoal has for vital air, if phofphorus is 
applied to fixed air and calcareous earthy the vital air will unite 
with the phofphorus, and the charcoal will be obtained pure* 
Thefe fubftances, in order to ad upon each other, muft be 
brought into contad when red-hot; and this may be eafily 
efFeded in the following manner. Into a glafs tube, clofed at 
one end, and coated with fand and clay to prevent the fudden 
adion of the heat, a little phofphorus fhould be firft intro¬ 
duced, and afterwards fome powdered marble. The experi¬ 
ment fucceeds more readily if the marble is flightly calcined, 
probably becaufe that part which is reduced to lime, by imme¬ 
diately uniting with the phofphorus, detains it to ad upon the 
fixed air in the other part. After the ingredients are intro¬ 
duced, the tube fhould be nearly, but not entirely, clofed up ; 
by which means fo free a circulation of air as might inflame 
jhe phofphorus is prevented, whilft the heated air within the 
tube is fuffered to efcape. When the tube has remained red- 
hot for fome minutes, it may be taken from the fire, and mud 
be fuffered to grow cold before it is broken. It will be found 
to contain a black powder, confiding of charcoal intermixed 
with a compound of lime and phofphoric acid, and of lime 
united with phofphorus. The lime and phofphoric acid may¬ 
be feparated by folution in an acid and by filtration, and the 
phofphorus by fubliraation. 

Charcoal, thu*> obtained from fixed air, appears in no refpeeb 
to differ from the charcoal of vegetable matters. On deflagra¬ 
ting 
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ting a little of it in a fmall retort with nitre, fixed air was im« 
mediately reproduced.—Since, therefore, charcoal, by its repa¬ 
ration from fixed air, is proved to be one of its conftituent prin¬ 
ciples, it can hardly be doubted, that this fubflance is prefent 
whenever fixed air is produced; and that thofe experiments, 
from which it is fuppofed that this acid may be formed without 
the aid of charcoal, have not been conduced with the requifite 
caution. 

As vital air is at traded by a compound of phofphorus and 
calcareous earth more powerfully than by charcoal, I was defi- 
rous of trying their efficacy upon thefe acids, which may from 
analogy be fuppofed to contain vital air, but which are not 
afFeded by the application of charcoal. With this intention I 
made phofphorus pafe through a compound of marine acid and 
calcareous earth, andalfo of fluor acid and calcareous earth, but 
without producing in either of them any alteration. Since 
the ftrong attradion which thefe acids have for calcareous earth 
tends to prevent their decompofition, it might be thought that 
in this manner they were not more difpofed to part with vital 
air than by the attradion of charcoal. But this, however, 
does not appear to be the fad. I have found, that phofphorus 
cannot be obtained by paffing marine acid through a compound 
of bones and charcoal, when red-hot. The attradion, there¬ 
fore, of phofphorus and lime for vital air exceeds the attradion 
of charcoal by a greater force than that arifing from the attrac¬ 
tion of marine acid for lime. 
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XII, A Meteorological Journal? principally relating to Aimo* 
fpheric EleBricity ; kept at Kmghtfbridge, from the 9 th of 
May, 1789, to the 8 th of May, 1790, By Mr. John Read; 
communicated by R. H. A. Bennet, Efq. F. R. S. 


Read April 14, 1791*. 

A DESCRIPTION of the inRrument for colleRing atmo- 
fpheric electricity, ufed in the following journal. 

Tab. V, reprefents the apparatus. AA is a round deal 
rod, 20 feet long, 2 inches diameter at the lower, and one inch 
at the upper end. Into the lower end of it is cemented a folid 
glafs pillar B, 22 inches long; the lower end .of the glafs 
Rands in a hole made for it in a pedeRal of wood C, which 
flips on the fore-part of an iron bracket D, which is driven 
into the wall, and fupports the whole. About 13 feet above 
the bracket D, is fixed to the wall a Rrong arm of wood E, 
which holds perpendicularly a Rrong glafs tube F, through 
which the rod is Aided gently upwards, till the glafs pillar B 
may be lowered into the hole made for it in C. It is thus 
fixed, and Rands 12 inches from the wall. The tube F is of 
fufflcient width to admit a cafe of cork, which is faRened in 
the in fide of it, at the part where the tube is fu Rained by the 
arm of wood E, fo that the rod, when bent by the wind, cannot 
touch the tube or break it. The upper extremity of the rod is 
terminated by feveral fharp-pointed wires G. Two of them are 
Vol. LXXXI. C c of 
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of copper, each one-eighth of an inch thick; and, in order 
to ftiffen the rod, as well as conduct more readily the eleCtric 
fluid, one of thofe wires is twilled round the rod to the right 
hand, and the other to the left,, as low down as the brafs 
collar at the vertex of the lower funnel H, to which they are 
foidered, in order to render their contact perfect The tin.' 
funnels HH ferve to defend the glaffes B and F from the wea¬ 
ther,. which glafTes are alfo covered with fealingrwax to render 
their in Marion more perfect At a convenient, height from the 
floor, a hole is bored through the wall at I. This hole receives 
a - glafs tube covered with fealing-wax, through which a ftrong 
brafs wire proceeding from the rod is conveyed into the room,, 
where juft at the end of the glafs tube it paftes through a two- 
inch brafs ball L, and proceeding a< little farther, keeps fuIm¬ 
pended at its extremity a pith ball electrometer K, fo that the 
electrometer may be about twelve inches diftant from the wall* 
On the outfide of the. wall there is a.wooden box M, to keep - 
that end of the glafs tube dry.. __ - 

At two inches diftance of theabove-mentioned'brafs ball L, a 
bell N is fupported by a ftrong wire, which paffing through 
another hole made in the wall, is made to communicate, by 
means of a good metallic continuation R’, with the moift 
ground adjoining to the houfe. A brafs ball, three-tenths of’ 
an inch in diameter, is fufpended between.the bell N and balL 
L, by a filk thread’ faftened to a . nail O.. This ball ferves for a. 
clapper, by ftriking between-the. ball and bell, when the eleCfcri*- 
cal charge of the rod is fufficiently ftrong; 

P is a fmall table fixed to the walk under the bell and hall, trt 
a convenient’ height-above the floors upon which Leyden bottles 
and other apparatus* are oecafionalJy placed,, Any-perfon verfed: 
in. the fcienee of electricity, will* eafily xmderftand that, this-. 
' ‘ & - ' apparatus' 
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apparatus is calculated to {hew the various degrees of attoo- 
fpherical electricity, and at the fame time to avoid the perni¬ 
cious efFeCts which may be occasioned by thunder-ftorms, or 
in fhort by any great quantity of eleCtricity in the atmofphere. 

The whole perpendicular height of both parts taken toge¬ 
ther, from the moift earth to the uppermost point at the top of 
the rod, is 52 feet. 

Finding, however, that, not withftan ding all the precaution I 
had taken to procure a good infulation, the moift vapour 
of the atmofphere, fixing upon the infulating parts of the appa¬ 
ratus, rendered it imperfeCt in moift weather; I have lately 
(15th of Sept. 1790) altered the fituation of the fame rod, fo 
that all the infuiating parts are now within the roof of the 
houfe. This I have effected by a hole through the roof of my 
houfe; by which means I now obtain a confideiably mote 
conftant eleClricity; which, however, muft not be foiely atti i- 
buted to the fuperiority of my prefent mode of infulating, but 
to the rod’s being alfo elevated to the additional height of nine 
feet; fo that I confider its pointed part to be at prefent 61 feet 
above the moift eafth. 

This improvement of the apparatus, having been made after 
the conclufion of this journal, will be particularly defcribed 
in the next, which I am now carefully continuing. 

It will be neceffary juft to mention the method I have purfued 
in forming the journal of atmofpheric eleClricity. This has been 
principally by means of the Signs exhibited by the pith balls K, 
connected with the rod. When I find thefe clofed, and not 
attracted by my finger, I then write no figns of eleCtricity. 
When attracted on the approach of my finger, yet not fuffi- 
ciently charged to repel each other, I write weak figns of the 
fluid. When I find the balls open, and, on the approach of 
excited giafs, the balls clofe, I write they are electrified pofi- 

C c % tively; 
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tively ; but, if the balls open wider, I write they are ele&rified 
negatively ; and the reverfe when I ufe fealing-wax. When 
the balls diverge one inch and upwards, viftble fpatks may be 
drawn at the brafs ball L. When fparks are faid to have been 
perceived in any obfervation, I have genet ally on that account 
omitted to note the vaiiable quantities of divergency in the 
pith balls. Their utmofi limit of regular divergency fee ms to 
be about five or near fix inches ; above that they are unReady 
and difordetly. The pith balls are near two-tenths of an inch 
in diameter, fufpended by very fine flaxen thteads (in the Rate 
it is in from the heckle) five inches long. When I mention 
the difiance of the balls in tenths of an inch, it is to be un- 
derfiood as neaily fo as my eye can determine. 

This apparatus requites aconfiatit attention, efpecially during 
a difiurbed Rate of the at mo fp here. Ft cm the room in which 
the apparatus is placed I am feldom abfent one hour, excepting 
the time of fleep; but, when I leave it, the lafi thing I do at 
night is to examine the Rate of the elediicity, and, if I find 
the rod uneledrified, I then place the Leyden bottle on the 
table P, with its knob nearly in contad with the ball L. The 
next morning, if I find this bottle charged, I wiite the kind of 
ele&ricity it is charged with againR the day in the journal, and 
add, by the night bottle . 

It is prefumed, that the table is fufficiently obvious. The 
two columns for pofitive and negative eledricity are ufed only 
for the firfi obfervation of each day. I ufe Fahrenheit’s 
thermometer, fufpended on the north outfide of a bow win¬ 
dow. The time of making the obfervation with it, and the 
barometer, and alfo of the dire&ion of the wind, has ufually 
been about nine o’clock in the morning. 

Lafily, it may be ufeful to obferve, that I have always 
found the lower though uninfulated part of the apparatus (viz. 

3 the 
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the metallic connexion of the bell N with the moift earth) to 
be in a contrary fhte of electricity to the upper and inlulated 
part, where the pith balls K are fufpended. See the 2 ad of Aug. 

Having made a memorandum of the feveral thunder- 
florms which have happened in divers parts of this ifland, 
according to the information by letters, and from news¬ 
papers, I thought it ufeful to infert them in this journal, in 
order to fhew whether fome contemporaneous appearances in 
my apparatus might not be attributed to them. This feems 
evidently to have been the cafe on the 3d of September. 


Days. 

Wind. 

Barom. 

Ther. 

Sparks. 

P of. 

Neg. 

May 9, 1789. 

May 9 

NW 

Inches. 

30 - 

0 

63 

0 

■ 

neg. 

Ballsopen about three-tenths of an inch. 

10 

SW 

30.15 

60 

0 


neg. 

But very weak. 

11 

E 

30.24 

61 

0 


neg. 

Barely fufficient to iepaiate the balls. 

12 

E 

29.91 

60 

fmall 


neg. 

The firft day I have had villble fparks; 

13 

E 

2Q.QI 

61 

ftrong 


_ T 

weather cloudy, but fair. 

The weather m the forenoon a little 

* 

14. 

8E 

/ J 

3 °- 

! 56 

0 

pof. 


hazy; in the afternoon a thick fog; 
four o’clock a little rain fell; the rod 
now became highly dedtnfkd pofi- 
tively; the bell rang brilkly. I now 
filled feveral bottles with the fluid. 
This ftrongchargein the rod did not laft 
longer than one hour, but it remained 
charged pofitively in a lei's degiee the 
reft of the day. There was this day 
fome lightning and thunder at Salif- 
bnry, and to the weft of it. 

Balls open four-tenths of an inch* 

K 

E 

29.66 

53 

fraall 

pof. 

— 

A..M. and P.M. negative. 

10 

SE 

29.83 

61 

0 

— 

neg. 

A.M. and P.M. 

17 

S 

29.91 

58 

0 

— 

neg. 

Balls open fix-tenths of an inch. 

18 

SW 

29.91 

57 

0 

— 

neg. 

Balls open five-tenths of an inch. 

19 

N 

30.20 

54 

0 


neg. 

P.M. dark heavy weather. 

20 

SE 

3°‘ J 5 

s<> 

fmall 

— 

neg. 

The rod was electrified nearly the whole 

21 

E ■ 

30. 2 

54 

0 

•— 

neg.. 

day. 

Nearly the fame as the preceding day. j 


May 
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1 Days, 

Wind, 

Barom. 

Ther.jsparks. 

Pof. Neg, 




Inches, 

0 





.. . 

June 2 

SW 

29.85 

63 

0 

pof. 

— 

But weak. 

3 

SW 

29.92 

62 

0 

pof. 

— 

A.M. 

4 

W 

2942 

5 2 

ftrong 

pof. 


A cool cloudy morning. The rod was- 
pretty ftrongly electrified full feven 
hours to-day, the reft of the day but 








weakly fo, There were 12 changes 
of the ele&ricity, all gradual, except 








one, which was inftantaneous j the 
balls fometimes exhibited a waving 
motion, and fometimes fudden jerks. 
There were feveral fhowers of rain, 








and two of hail 5 during the fall 
of hail, the rod was moft powerfully 
electrified, the bell rang very ftrongly; 
the effeCts and appearances were fo 








awful, that I kept at a good diftance: 
from the rod. A great deal of light¬ 
ning on the eaft fide of Kent and Effex 
this day. 

5 

NW 

2 9-52 

S 3 

0 

— 

neg. 

Balls open half an inch. 

6 

W 

29,78 

53 

fmall 

"" 

neg. 

A.M.and P.M. pofitive; there were fmall 
fparks emitted from the brafs ball L, 




i 





and the pith balls continued clofing 

- 



\ 

1 





and opening many times, without any 
change of kind, for full two hours. 

1 

NW 

29.92 

52 

0 

— 

neg. 


Balls open from one to feven-tenths 

8 

NW 

30.18 

50 

0 

*— 

neg. 


L 1 

of an inch. 

' 9 

NW 

30.12 

57 

0 


neg. 

1 >4 

10 

11 

NW 

NW 

3°* 2 3 

30.12 

56 

55 

0 

0 

.. _ LIJIJIII 


1 

J 

► Weak figns,' balls not open. 

22: 

: E 

30-25 

56 

0 

pof. 

— 

[Balls open three-tenths of an inch.. 

; 13 

E 

30.28 

54 

0 

pof. 

— 

Balls open five*tenths of an inch. 

14 

NE 

30,19 

5 1 

0 

— 

neg. 

Very cloudy weather, but at too great 






a height to affed the rod* 

*5 

E 

30. 4 

55 

0 

— 

neg. 

[Balls open full half an inch. 

16 

E 

29,90 

60 

0 

— 

neg. 

Balls open near one inch. 

17 

S 

29.81 

62 

ftrong 

pof. 

Ten o’clock A.M. a fudden fhower off 



, * 


rain fell, by which the rod became 
highly ele&rified pofitively, and con¬ 
tinued to emit fmall fparks at the ball 
L, long after the fhower was over, 
without any change of the ele&ricity. 














Junes 



n 


Days, iWinds. Barom. [Ther. Sparks. Pof. Neg. 


June 18; 


Inches. 

29.89 

29.88 
29.65 
29.71 ! 


fmail 


0 

fmail 


29.49! 

39*54 


29 60 


fmail 

fmail 


The weather fhowery; the rod pretty 
well ele&rified. 

Balls open fix-tenths of an inch. 

Weak figns ; balls not open. 

This ftiorningfeveral heavy clouds paffed 
over, coming from the SW, by which 
the rod became moderately electrified 
negatively. Some rain fell, which 
increafed the electrical chaige. But, 
in the afternoon, the wind and clouds 
put on a moie ominous appearance * 
near live o’clock, began a Itorm of 
wind, rain, lightning, and thunder 
but the main weight of the Itorm did 
not come near my rod. Its dire effeCts 
mult be eaft of London: neverthe- 
lefs, I had thofe ufual beautiful ap¬ 
pearances which attend a fhongcharge 
in the lod. The ftorm lafted one full 
hour, during which time there were 
five fuccefiive changes of the electri¬ 
city, viz. four gradual ones, attended 
with hidden jeiks or ftarts, which 
often dimmifhed the divergency of the 
pith balls from 4 inches to 2 inches or 
lefs. After thofe jerks the pith balls 
recovered their former degree of di¬ 
vergency, foraetimes fuddcnly, and ar 
other times {lowly. The other change 
happened inftantaneouily, the pith 
balls collapfmg and opening fo quickly, 
that the eye could barely fee their mo¬ 
tion. There were two other inftan- 
taneous clofings and openings of the 
balls, without a change of the electri¬ 
city. Much lightning at Gravefend 
to-day. j 

The rod was in charge all day. 

Moft of the forenoon. Afternoon fome 
rain fell, and the rod became electri¬ 
fied negatively, and ended pofitively. 
A.M, 




relating to Atmojpherk Rlefirichy* 


Days. 

Wind. 

Barom. 

Thcr. 

Sparks. 

Pof, beg. 

« 13 


June 25 

NW 

Inches. 

29.64 

to 

55 

ftrong 


neg. 

A very thick cloudy morning. The 

26 

W 

4 

29.So 

S3 

0 


neg. 

define charge in the rod has been mo¬ 
del ately ftiong and very fine to-day. 
There were five gradual changes of the 
eleChicity. ■ 

A.M. 

27 

w 

20436 

5- 

fining 

pof. 

— 

Cold fhouery weather. Except fome 

- 

28 

w 

29^70 

50 

ftrong 


neg. 

fmall intervals, the lod has been 
ftrongiy electrified aU this day. The 
bell once rang brifkly for a few mi¬ 
nutes, then fuddenly flopped its ring¬ 
ing; the pith balls clofed and opened, 
negatively, and continued 10 till a little 
after eight o’clock P.M. when they 
changed to pofitive. At Liverpool, 
this day, a tremendous ftorm of light¬ 
ning, thunder, hail, and rain. 

A very cold morning and fhowery, the- 

29 

i 

1 

| 

w 

29.90 

' 

: 

S 1 

i 

j 

ftrong 

i 

1 

i 

neg. 

drops of rain were very large. The 
rod has been very powerfully electri¬ 
fied near twelve hours this day, during 
which, time there happened eleven 
changes of the electricity, all gradual 
but one. The balls often exhibited a 
waving pendulous motion, without 
any diminution in their divetgency. 
There were alfo a few of thofe jerks 
before noticed on the 21ft inftant, ,i 
The bell rang brifkly. There was no 

30 

NW 

30.10 

53 

0 

pof. 

***** 

change of the electricity. 

Nearly all day. Weather ferene and' 

; j 

July 1 

N 

29.19 

76 

0 

, -1 


clear. 

1 Weak figns, balls not open. An even 

- 2 

N . 

3°*3 

76 

0 

— j 

— 

J dark Iky, but fair. 

3 

N 

4/ %f 

30.2 

79 

0 

pof.: 

— 

Weather ferene, very hot, and a clear 

4 

N 

30.2 

29.19 

29,17 

So 

fttall 

pof. 

, J[l[Uinrn . 

iky, 

A.M. and P.M. negative. At Glaf- 

*T 

V C 

NE 

74 

0 

U[ . t 

gow, fome lightning and thunder. 
Weak figns. Balls not open. 

6 

1 NE 

72 

final! 


neg. 

A heavy dark afmofphere, but fair. 



V 

At Monkfilver, near Bath, much light¬ 
ning and thunder, » 
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Days, I Wind, Barom. Ther, [Sparks. Pof. e g 


inches, 0 

29.16 69 
30. 60 

29.40 72 
29.20 72 
29.15 74 
29.13 78 
29* 5 72 


o 

fmall 


14 SW 29. 6 69 o 

15 NW 28. 8 52 final! 

16 W 30. 60 o 

17 SW 29.10 65 1 final! 


18 SW 

19 w 

20 NW 


29.15 59 0 

29.X0 50 o 
29.10 54 ftxong 


Weak figns of ele&ricityj balls notj 
open. I 

A.M. 

A.M. 

Balls hot open. , 

A.M. and P.M. pofitive with fpatks. 
At Hereford, this day, a ftorra of rain,; 
lightning, and thunder. 

Weak figns; balls not open. 

A.M. and P.M. pofitive, with bright 
{parks. At Stricken, in Scotland, a 
heavy thunder ftorm. 

Balls not open. At Edinburgh, this 
day, fome lightning and thunder. 

P.M. fine fpaiks 5 no change of kind. 
At Glafgow and Hamilton, this day, 
lightning, thunder, hail and rain ; 
and alfo at Nevvcaflle, in Northum- 
beiland, the ftorm was fisvetc. 

Weak figns; balls not open. 

P.M. 

Three o’clock P.M. I faw a thunder 
ftoim appioaching. While the ftorm 
remained at a confidciable diftancej 
the rod was very highly charged with 
negative ele&ricity, and continued fo 
three quarteis of an hour; during 
which time diftant thunder was heard. 
Sometimes the balls were affe&ed with 
a jerking, at others a waving, motion. 
The wind now fliifted to the SE, and 
a heavy rainfoon came on; the electri¬ 
city now changed to pofitive, and the 
bell now rings brifkly; every appear¬ 
ance (both within and without the 
room) was tremendoufly awful. I 
therefore feated myfelf upon a large 
infulated ftool, where I could with 
fafety obferve the apparatus. A Ley¬ 
den bottle was undefignedly placed 
with its brafs knob near to the brafs 
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Days. 


Wind. (Barom. Ther. Sparks. i Pof. Neg. 


Inches. 


July 21 


22 


23 


24 

25 


sw 


sw 


w 


w 
w 
26I w 


29.15 


29.10 


29.10 

29.15 

29.20 

29.10 


52 


61 


51 

71 

7* 

69 


flrong 


flrong 


flrong 

finall 

O 

o 


neg 


neg. 


pof. 


neg. 


ball L. This bottle charged and fpon- 
taneoufly difehargsd aimoil as qnick as 
I could notice them ; and at the fame 
time there was a continual fiafhing 
of denfe fpnrhs between the bell and 
brafs ball L. Thefe t ery grand appeal - 
ances only lafted ten minutes, and the 
fcene w r as terminated by a clap of 
thunder 3 but the florm, and its effects 
on the rod, laftod near two hours, I 
faw no lightning but what was in the 
apparatus. There wete nine gradual 
changes of the eledhicity, ftom nega¬ 
tive to pofitive, &c. 

had purpofely placed a large glafs 
bowl, upon an infulafed table, in the 
open air, to catch the falling electri¬ 
fied lain. As foon as the bottom of the 
bowl was well covered w ith the rain wa¬ 
ter of the above form, to my great fat if- 
faCtion, a pair of linen threads I had 
placed for the purpofe diverged near 
two inches ; the water remained elec¬ 
trified near ten minutes after it was 
taken into the houfe. 

P.M. a little rain fell, and the electri¬ 
city changed to pofitive. At Edin¬ 
burgh and Bamff, this day, there was 
much lightning and thunder. 

|A very flrong electricity in the rod all 
the forenoon. 12 o’clock fome rain 
fell, on which the rod became highly- 
charged pofitively, the bell rang 
weakly for a long time, it then flop 
ped, and the bails clofed, and opened 
negative, and continued fo full three 
hours. This day, near Shrewfiniry, a 
florm of rain, lightning, and thunder. 

Both A.M. anti P.M, and ended nega¬ 
tive as the preceding day. 

A.M. and P.M. pofitive. 

1 Weak figtxsj balls not open. An 
j umverfal cloudy dark Iky, 
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Days. 

Wind. j. 

1 i 

Barom. ( Ther. Spuks. 

Pof. [Neg. 

1 


| 


Inches, j 

0 





Ky - 7 j 

M 

29 -IS 

64 

ftiong 


neg Q 

Four o’clock P M happened a fudder 
and flioitftorm of vund ardiain. The 
iod became poweifully elc&rified, the 
bell lang for 20 minutes, then topped, 
and the eledtnciiy became pofitive, and 












fhong. At Cambiidge, this day, a 
tiemendous flora of lightning and 








thunder. 

28 

N 

20.20 

74 

0 

pof. 

— 

A.M, balls open five-tenths of an inch, 

29' 

W 

3 °. 

56 

fmall 

— 

neg. 

A.M. 

3 ° 

NW 

29 30 

73 

0 

— 

neg. 

Balls open fix-tenths of an inch. 

31 

W 

29*20 

75 

0 

—« 

neg. 

P.M. a legulai dark fky, with fmall 






lain, which lafted four hours j fuch 
rain is ncvei electrified fhongly. Air 
is very moift. 



Aug- 1 

W 

29-79 

6o 

0 


— 

1A heavy dark atmofphere, and a 

2 

W 

30.12 


0 


WW*| 

3 ’ 

SE 

30* 

62 

0 



1 warm foft air. The electricity thefe 

4 

E 

3 °- 5 

63 

0 



j fix days amounts only to weak figns, 

5 ' 

1 E 

29.79 

66 

0 

— 

• — 

J balls not open. 

6 

SW 

3 °> 9 

60 

0 

— 

— 

P.M. 

7 

w 

3027 

56 

0 

— 

neg. 

8 

w 

3°*24 

58 

0 

— 

neg. 

A.M. 

9 

E 

30.20 

66 

0 

—* 

neg. 

A.M. 

10 

E 

30 17 

60 

0 


neg. 

A.M, 

u 

NE 

30.20 

i 66 

0 

— 

— 

Balls not open: 

u 

E 

30.16 

58 

ftrong 

pof. 

— 

P.M, a fine lhower of tain, on which 

* 



the rod became pretty well eleftiified ; 
but foon changed to a much more 
ftrong negative electricity, which af¬ 
forded fine fparks at the brafs bail L. 
The pith balls many times clofed and 
opened, without any more changes 
of kind. 





1 



j 

; 

IA 

E 

30.14 

60 

fmall 

pof. 

— 

A.M. 

1 14' NE 

30.13 

62 

0 

pof. 

— 

A.M. bails open feven* tenths of an inch. 

is! ne 

3 0e 9 

S 9 

ftrong 

pof. 

— 

A.M. P.M. a very black cloud paired over 


- -i r 




the rod,by which it became very ftrongly 
electrified for a few minutes, only ; 
the bell rang brifkly. 



16 

N 

30.15 

* 

ftrong 

pof. 


There has been much rain to-day, and 

' 



the drops very large. The rod has been 


AUga 




97 


relating to Atmofpheric EleSricity. 


-—— 1 

Days. 

1 1 

finds. Barom. Ther. J 

Sparks.| 

Pof.jNeg. 

| 


3 

inches,, 

0 




in high charge greatpait of the day. The? 
fparks at the brafs bail L were very pun* 
gent; even the air m the room, and the > 
uninfulated bell, and other things, 
fltewed that they were ele&nfied. The' 
hell rang bnfkly at three very different' 
times. This Ihong charge of the rod : 
continued full four hours; and the 
electricity, during that time, changed 
in kind ten times. Eight of them, 
were gradual, two of them were 
quick, and attended with jetks. 3 
heard fome rumbling of thunder at a 
great diilance. At Dunwich, in Suf- : 
folk, this day, much lightning andt 
thunder, I 

Aug* I f 

NE 

30.26 

61 

fmall 

— 

neg. 

A.M. 

18 

NE 

3 a 3 2 

61 

0 

— 

neg- 1 

Balls open nine-tenths of an inch. 

19 

NE 

30.25 

60 

0 

-- 

— 

| Weak figns; balls not open. 

20 

E 

29-95 

63 

0 



21 

SE 

2 9*75 

6 3 

ffrong 


neg. 

P.M. a flrong charge in the rod, but 
of fhort duration. ■ 

22 

| W 

29*75 

1 

56 

$ 

* 1 

Itrong 

< 


neg. 

The rod was in high charge ten hours 
this day, except a few fmall inteivais ; 
there were nine gradual changes of the 1 
ele&ricity, from negative to pofitive, 
and the con t rary. The bell ran g very ! 
brifkly at three different times during 
that period. Theie were feverai! 
fhowers of rain, and one of hail; 
during the latter, the ele&ric charge 
in the rod was moll intenfe; the 
fparks darted between the ball and bell 
extremely fharp and quick. I found 
the moifture in the air of the room 
was now ele&rified, alfo the bell, and 
its metallic connexion with the earth, 
and even the bricks in the wall to 
which the metal is fattened were all 
ele&rified with an electricity contrary 
to that in the infulated part of the ap¬ 
paratus. An. electrician (who had 
often in vain called at ngrhocfe to fee 
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Days. 1 

tYinds. I 

Jarora. " 

1 

rher. Sparks. 

Pof. 3 

Meg. 

■■miuviuiMim tiu-x 1 D 


3 

inches. 

0 




the apparatus in high charge) placed 
his left hand on t 1 e bell, and with his 








finger of the right hand appuiached 
the ball L, a dcnle fpuk iflued to it, 
and he received a fmart fhock 111 his 
arms and bieafi, like that of the Ley¬ 
den bottle. We then joined hinds, and 
made iheciicmtin the ufual way, he- 
tween the bell and ball, and we both 
leceived a fe»ere fiiock. Much light-: 








ning and thunder this day at Stilling 
and Dumfries, in Scotland. 

Aug, 23 

W 

29.94 

5 2 

ft long 

pof. 

— 

A.hi. and P.M. negative on a fall of 






rain, 1 

24 

NW 

30.15 

$8 

fmall 

pof. 

— 

Gieat part of the day. 1 

25 

SW 

30.19 

60 

O 

pof. 

" 

A.M. but very weak m the afternoon, j 

26 

SW 

30.30 

5 s 

0 



| Weak figns; balls not open. 

27 

N 

30. 8 

59 

0 



28 

W 

30 ' 3 

54 

0 

pof. 

— 

A.M. a ferene clear Iky, t 

29 

3 ° 

SE 

SW 

29.9° 

29.80 

58 

60 

0 

0 



| Only weak figns. 1 

35 

1 HW 

ms 

62 

0 

— 

neg. 

P.M. fiom a fhower of rain, the chops' 

1 




1 

t 

of which were veiy huge. The elec- 
li icily foon changed to pofitive. 










Though every circumfiance was fa- 
vouribh for a ftrong eleftrification, 
yet the charge m them! was but weak. 
My lulpicion led me to try the ft ate 
of the uppermoft end of the lod, and 
I found it to be in a conti ary Hale of 
eletfttlcity to that at the lower end 
of it; the middle pari ol the rod u as 
in its nitural ftate, that is, iliewecl no 
figns of being electrified; theiefore 



- 





the lod was only (at this time) mflu* 
entially electrified, 

Sept. 1 

r SE 

29.72 

58 

0 


neg. 

A.M. 

1 

1 S 

29.60 

66 

fmali 

pof. 

— 

A.M. P.M. a fliowcr of rain j the elec¬ 







tricity became negative. ! 

' 1 

: > 

5 ! s 

29.50 

1 69 

fmafl 

pcC 

**—• 

In the iuienooti. P.M. a * *tg gale 






of wind. I now faw thumb ftoudsl 








forming at a great lit ight. 6 i •' after 


Sept, 



Days. ' Wind. Barom. 'Ther.Spaiks. Pof. Neg. 


Inches 


jSept. 4 SE 29.5° 6S 

5 SW 30. 69 

6 SW 29.95 59 


S SW 
9 SW 

10 SW 

11 N 

12 N 

13 W 
14' sw 

15 w 

16 sw 


30. 3 62 

30.15 67 
30.15 68 
30.12 6B 

29.95 61 

30.10 54 
30.10 54 
29.85 i 60 
29.82 48 
29.74 48 


{mail 

{mall 


fmall 


o 

■ftrong 


five o’clock appearances were dread¬ 
ful, m five minutes time the ftrong 
gale of wind became a fioim from 
SE. This ftorm of wind (for there 
a as but little ram) carried the huge 
black clouds to the NW, for there I 
fw abundance of red lightning a little 
above the horizon, and I once hem d a 
tumbling of thunder. The rod be¬ 
fore the ftoim was pofitive, but by iti 
was changed to negative, and conti-j 
nued fo during the whole time. The| 
electricity of the rod often varied m 
ftrength, fometimes weak, fometimes 
Among, without change of kind. At 
Ameiiliam, in BetUhire, and at the ; 
fame time at the Earl of Avlesfoid’s 
park, near Packmgton, in Warwick- 
lliue, was a moll tiunerukms fiorai 
of hul, tain, lightning, and thunder,; 
from 4 to 6 o’clock P.M. 

P.M There were four gradual changes. 

of the eleJtucity in two hours. 

P.M. Theie has been a little rain to-; 
day. 

P.M. and near fun-fetting negative; 
theie was feme fmall rain. 

A.M. by the night bottle; that in the 
rod very weak. 


Only weak figns of eleChicify; balls 
not open. 


By the night bottle. 

} Weak figns; halls not open. A dark 
atmofphere. 

A.M. There were feveral heavy clouds 
pafled from the SW,by which the rod 
was highly charged with pofitive eledtri- 
city.The bell rang briftly. This charge 
lafted from a little before eleven o’clock 
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Days. 

Wind. 

Barom. 

Ther. Sparks, 

Pof. Neg. 

! b 



i ilnehes. 

0 












A.M. to full fix o’clock P.M. during 
which time theie were four gradual 








changes of the eledhicity. 

Sept I? 

NW 

29.92 

44 

0 

— 

neg. 

By the night bottle. 

28 

NW 

29.61 

5 * 

0 

— 

neg. 

A.M. a mme tianfient vifit of the elec- 





trie fluid 1 never before faw, juft while 
a fmall black cloud patted over the 
rod, and let fall a few drops of ram j 
the whole time of the charge was 
about 4 minutes. 







19 

W 

29.40 

48 

0 

— 

neg. 

A.M. by the night bottle. The elec¬ 
trification of the rod very weak. 

20 

W 

29.40 

60 

0 

— 

«"**«« 

Weak figns ; balls not open. 

21 

w 

29.40 

60 

fmall 


neg. 

A.M. by the night bottle. P.M, the 
rod was electrified negatively. 

22 

NW 

3°. 9 

5 * 

0 

— 

neg. 

By the night bottle, and the rod alfo. 

i 2 3 

NW 

30. 2 

5 * 

0 

— 

neg. 

) 

24 

NW 

30.23 

61 

0 

— 

neg. 

1 

25 

26 

27 

28 

NW 

S 

SW 

W 

30.26 

30.26 

30. 

3 °- 

49 

49 

6x 

5 * 

0 

0 

0 

0 

— 

neg. 

neg. 

neg, 

neg. 

/ The electrical charge has been very 
i weak thefe eight days, only juft fuf- 
1 ficient to indicate the kind. 

29 

s 

29.71 

58 

0 

— 

neg. 


3 ° 

s 

29. I 

48 

0 

«— 

«eg. 

) 

oa. 1 

SW 

29.22 

53 

fmall 

pof. 

i 

A.M, by the night bottle, which was 



j 


I 


fufficiently charged to give a bught 
fpark on making the circuit. At noon 
fome ram fell, by which the rod be¬ 



' 

i 

l 




came ele&nfled negatively, and very 
ftrong, which lafled full four houis ; 
dm mg that time, the ele&ncity 
changed four times, which were all 


SW 

29.28 


ftrong 

1 


gradual. 

a 

47 


n$g. 

A.M# P.M, the rod was eledhified 


SW 


4$ 

ftrong 

i 


ppfitively, and afterwards negatively, 
with ftrongfparks at the biafsball L. 

1 3 

i 

29.II 

pof. 

j 


A.M. but much more ftrongly pofitive 
m the afternoon $ the bell for a fliort 
tun© Tang brifidy, after that faintly, 
then flopped, and the electricity 
changed to negative, which continued 


j 


1 

I 

j 1 

1 

* * 

1 1 

i 

e ! 

1 

i 


i 1 




fome hours, then declined gradually to] 


j 


■Mi 

h 

i 



weak figns only. j 
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Days. 

Wind. 

1 

Barom. 

TherJspaiks. 

! 

Pof. Neg. 




Inches. 

0 





0£fc. 4 

W 

29.40 

5 1 

0 

pof. j 

—» 

A.M. by the night bottle. 

5 

S 

^9*53 

45 

fmall 

pof. 

— 

A M. And P.M. negative. 

6 

S 

29.5° 

5 6 

final! 

pof. 


A.M. P.M. the fame, but much ftronger. 
There hath been to-day a cold imallraia. 
The eie&ricify changed four times in 
two hours. This day, at Whitehaven 
and Lancafter, was much lightning 
and thunder, rain, hail, &c. | 

A M.; but in the afternoon a much 

7 

W 

29.27 

45 

fmall 

pof. 

— 

8 

E 


48 


pof. 


ftronger pofttive charge. 

29.20 

0 

— 

A.M. 

9 

SW 

29 29 

46 

0 

pof. 

— 

A.M. 

10 

SE 

29.50 

45 

0 

pof. 

— 

A.M. 

ii 

SE 

29 80 

49 

0 

pof. 

— 

A.M. 

12 

S 

2946 

53 

0 

— 

— 


13 

N 

29*5° 

53 

0 

*— 

— 

Weak figns; balls not open. Dark r 

14 

W 

29.5O 

53 

0 

— 

-- 

j hazy weather. 

*5 

w 

29.52 

5 6 

0 

— 


16 

w 

29,67 

42 

fmall 

pof. 

— * 

A.M. juft fufficient to emit vifible; 


[ 

I 




pof. 


fparks. 

17 

w 

29.90 

40 

O 

— 

P.M. by means of a fog. 

18 

! s 

29.67 

52 

0 

—. 

□eg. 

P.M. balls open fix-tenths of an inch. 

19 

20 

! s 

SW 

29.79 

29-75 

O CO 
xn *-o 

O 

P 

j 

***** 

| Weak figns ; balls not open. 

21 

i s 

29.89 

53 * 

O , 

pof. 

— 

A.M. 

22 

j w 

3°* 4 

SO ' 

O 

— : 


1 

23 

| NE 

30* 7 

53 

! 0 ! 

— 

—* 


24 

25 

26 

1 E 
i NE 

E 

30,24 

30.28 

30.27 

48 

55 

47 

0 

0 

0 

_ 1 

— 


I Weak figns of ele&ricity ; balls not 
J: open. Dark, hazy weather, and 
moift air. 

27 

E 

30.27 

45 

0 

*— 


28 

E 

30*3° 

40 

0 

— 

—~ 


29 

N 

3°* I 3 

46 

0 

- | 

— 


3° 

E 

3°* 3 

40 

0 

pof. 

—• 

P.M. by means of a little cold rain. 

3i 

N 

29.92 

40 

0 

pof. 


P.M. a very high north wind. 

Nov, 1 

N 

3°*3 2 

38 

0 

— 

*—' 


2 

N 

29.59 

46 

0 


# — 

} Only weak figns of the ele&ric fluid 5 

3 

4 

5 

b 

. SE 

S 

2Q. IQ 

29, 3 
29.29 

39 

48 

5° 

0 

0 

0 

—- 

*— 

> balls not open. A dark, clouded 
atmofphere. 

6 

w 

28.82 

48 

0 
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Days. 

Wind. 

Baiom. 

Thei 

Sparks. 

Pof. 

Neg. 

Nov. 7 

W 

Inches. 

2,8,90 

0 

43 

fmall 

— 

n eg. 

8 

NW 

29. 9 

40 

O 


neg. 

9 

W 

29.29 

3 ° 

0 

pof. 

neg. 

10 

w 

29 90 

37 

fmall 


11 

w 

29 93 

39 

fnndl 

pof. 

neg. 

12* 

sw 

29.70 

45 

O 

. 

13 

1 

w ; 

29.73 

! 

40 

■ 

; 

0 

' 


14 

sw 

29.63 

46 

0 

— > 


15 

1 

sw 

29.42 

4 7 

0 

. 

I 

' 

; 



fhort time occafioned the rod to emit 
bnght fpaiks at the ball L. 

| A.M. by the night bottle. 

A.M. by means of a fog. 


P.M. This was obtained in the following 
manner. Soon after funfet X per¬ 
ceived a hgbt-colouied dewy vapour 
arife 2,0 or 30 inches above the ground 
in the park; the evening being ferene 
and fair, I flood upon an infulated 
flool, and waved my exploring rod 
among the dew and with my linger 
touched a fenfible elcChometer, which 
inllantly opened with politive elc&ri- 
city. As the evening advanced, a 
firong fog filled the air; when it was] 
of fufficient height foi the high 01 fixed; 
lod, this alfo became eleChified with 
the fame kind of electricity which I had 
received near the earth’s iurface, 

| Weak figns only; balls not open, 

Nofwilhflanding all my cate and atten¬ 
tion to my pointed rod, this day it 
has been intirely frufirated; for I have 
not perceived any fignsof the ele&ricj 
fluid. However, it is the firfl day it 
has wholly failed me, A moift air 



* When I find that the moillure in the air has fo far injured the infulation of 
my high-pointed rod, that it will not retain the eledlrie fluid; in that cafe, X 
make ufc of a finall tod which I hold in my hand, and project through an upper 
window $ having firfl warned the flool legs, I place myfelf upon it, &c. 1 find 

this method to be a good fubflitute m damp weather. The rod is about the 
length and flrength of a fifhmg-rod, with plenty of finall wire twined round it* 


Nov, 



relating to Atmofpheric EieSfoicify 


20 3 


Days. 

Wind. 

Barom. jTher. 

Spoil s 

"Pof. 

Neg. 



Nov. l6 

SW 

Inches. 

/ 

2943 

0 

43 

0 



has prevailed for many days; and 
theie hate e«.n thv Lours drizzling rain 
to-da_\, winch mull lefien the exactnefs 
of the iLiiilat’.on or the rod, and air alfo. 

Weak iigns; halls not open. 

17 

s 

29.54 

47 

fmall 

— 

neg. 

A.hi. fmall fpaiks were in the rod, the 

iS 

s 

29.51 

40 

0 

pof. 

n , „ ,„ u 

I 

greatefl part of this day. j 

19 

s 

29.69 

4 ? 

O 

poi. 

— 


r A.M. by means of a fog. j 

20 

w 

29.65 

47 

O 

pof. 

— 

J 


21 

NW 

29.80 

44 

0 

— 

neg. 

A.M. by the night bottle, which I 

22 

N 

29.89 

44 

0 

— 


found well chaigtd. 

Weak iigns only. 

23 

m 

3O.12 

42 

0 

•-* 

— 


fo flgns. This is the freond failure. 

24 

NE 

3°* 2 9 

41 

fra a 11 

pof. 


A moiil atniolphere. 

A fog. There w ere viiihle fparks dunng 

25 

N 

30.20 

37 

0 

pof. 

t . . 

the greateil part of the day. 

A.M. 1 y means of a fog. 

26 

N 

3 °* 3 ° 

37 

linall 

pof. 

— 

AM, and P,M. pof the, with fine 

27 

SE 

3045 

3 o 

0 

, tt— .n—.—r 

neg. | 

fparks. 

At break of day. Afterwards pofitive, 

28 

W 

30.43 

33 

0 

pof. 

t1 , 

by means of a fog. 

All da), by a continued fog. 

29 

! NW 

30.30 

35 

fmall 

pof. 

- 1 

All day. The tog foil continues. I 

30 

! 

: S 

| 

3040 

! 

f 

138 

' 

O 

pof. 


have obfeived, during thefe three dtjs 
and three nights (abating a little time 
for deep, and which I cuitailed for fo 
noble a purpofe), that a foggy va¬ 
pour was conftantly eleifhified pofi-; 
tively. The pith balls diverged from 
a quarter to three quarters of an inch, 
except when the fog (which was gene¬ 
rally model ate) fuddenly became thick 
and dark 5 then the balls would open 
to near two inches j at thofe times 1 
received the eleftric fluid into bottles. 
This fog began ftrongly negative. 
Nearly all day. The fog is entirely 

Dec. 1 

SE 

; 29.71 

1 

i 

1 3 S 

0 

- IIV ., 

l 

gone. 

Weak figns 5 balls not open. 

a ! 

S 

29.75 

■ 5 ° 

0 

pof. 

— 

P.M. A moifl: air to-day. 

3 

s 

29.90 

! 39 

ftrong 

pof. 

— IAII day (1 mean jo hours out of 24), 


* 


{ the weather foggy. 


Dec* 


E e 2 
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Days. il 

Vincis, jl 

larom. |Ther.j 

Sparks. 

Pof. Neg. 



jlnches. 

0 




} 


Dec. 4 

S 

20.10 

n 

43 

0 

-* 


Weak figns: balls not open. 

5 

SW 

30.38 

52 

O 

— 

. 

0 y t 

6 

SW 

3 °- 4 ° 

48 

0 

— 

— 

STo iigns of ele&ricity, The third 






failure. A very moift air. 

7 

SW 

30.49 I 

42 

0 

pof. 

— 

A.M. a flight fog. 

8 

SW 

3 °- 54 l 

40 

fmall 

pof. 

— 

P.M. 

9 

SW 

3 °- 5 S 1 

34 

O 

pal. 

— 

A.M. 

10 

w 

30.52 

39 

0 


— 

Weak figns; balls not open. 1 

li 

SW 

30.54 

42 

O 


— 

1 

A.M. and P.M. The weather ferene 

12 

SW 

30.41 

44 

0 

pof. 

— 

J 

and fair. 1 

13 

SW 

30.3° 

47 

0 

— 

•— 

Weak figns. 1 

I 4 

s 

29 92 

44 

0 

— 

dco r. 

0 

A.M, from a little rain. 

*5 

SW 

28.95 

45 

0 

*-* 

■—- 

No figns of electricity, The fourth 





day's failure. 

16 

SW 

29.40 

40 

ftrong 

pof. 

— 

P.M. a fliort fhower of fnow, by which 







the tod was ftrongly eleCtrified. 

*7 

w 

29-*5 

38 

0 

— 

— 

No figns of electricity. The fifth day’s 





failure. 

18 

w 

3 °* 

5 ° 

fmall 

pof. 

— 

A.M. a fineferene morning. 

19 

SW 

29.58 

44 

0 

— 

neg. 

P.M. by a fmall rain. On an increafe 





of the fall of rain, the electricity 
changed to pofitive. 




20 

SW 

29.72 

44 

0 

— 

— 

Weak figns. 

21 

SW 

29.78 

45 

0 

— 

—■ 

No figns of electricity. The fixth day’s 







failure, A very damp air. 

22 

SW 

29.60 


0 

— 


No figns. The fevenih day’s failure. 





A moift air. 

: 23 

w 

29.78 

49 

0 

— 

-* 

Weak figns of eleCtiicity. 

24 

w 

29.27 

S 2 

fmall 


neg. 

At eight o’clock, A.M. began a fmall 
fhower of rain, which was weakly 
elcCtrified negatively; as the fail of rain 
increafed, fo did the intenfity of the 
eleCtric fluid increafe with it, and after 
continuing for two hours, they both 


















difappeared together. 

2< 

i SW 

29.41 

42 

firong 


neg. 

by a fhower of rain. Ten o*clock 







a fog ftrongly electrified pofitive. 

2< 

j w 

‘29.89 

46 

fmall 

pof. 


A.M. 

2' 

r sw 

29,80 

46 

0 

— 


Weak figns. 

at 

5 W 

29.88 

47 

0 

pof. 


P.M. from a very thin fog. 

2< 

1 sw 

29-75 

54 

0 

— 


s 

* Only weak figns of electricity- 

3 ' c 

> sw 

,29 76 

42 

0 

— 

***** 


2: 

li $ 

29-73 

48 

0 

! — 

— 

4 



Jan. 
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Days. 1 

Wind. ] 

i 1 1 

3 arom. Ther. Sparks. ( 

pof. ; 

Meg. 


1 79 0 | 
Jan. I 1 

SW 

[nches. 

29.90 

0 | 

35 ! 

0 

pof. 


Both A.M, and P.M. pofitive. 

2 

S 

3 °- 3 ° ■ 

36 ! 

(mail 

poi. 

— 

All day. 

3 

S 

29.98 

46 

0 

pof. 

— 

All the day, by a fog. 

4 

W 

30.20 

43 

fmall 

pof. 

-> 

All the day, and bright fparks feveral 

i 

s 

N 

3°-25 

45 

Email 

pof. 

— 

times to-day. 

All the day, with fine fparks. 

6 ! 

SE 

30.19 

4 1 

0 

pof. 

— 

A.M. 

71 

W 

30.40 

41 

fmall 

pof. 

-- 

A.M. weather dry and foggy. 

8 i 

W 

30.45 

3 6 

fmali 

pof, 

— 

Nearly all day in charge. 

9 

E 

30.28 

36 

0 

pof. 

— 

A M* b ills open near one inch. 

10 

SE 

30.24 

39 

0 

pul. 

— 

A.M. and P,M. 

11! 

S 

30.11 

41 

0 

pof. 

— 

P.M. 

12, 

W 

30,20 

45 

0 

— 

— 

Weak figns. 

1 3 ! 

SW 

3°*34 

42 

0 

pol. 

-- 

A.M. 

14' 

s 

29-95 

49 

fmall 

— 

aeg* 

A.M. a fmall rain, by which the rod 

*5 

NW 

29.91 

43 

0 

pof 

. . T 

was ele&rified negatively. 

A.M. 

ib 

SW 

29.95 

42 

fmall 

poi. 

— 

A.M. weather very mild and fair. 

1 17! 

N 

30.28 

40 

0 

pof. 

— 

AM. 

18 1 

NE 

30.20 

39 

0 

pof. 

— 

A.M. and P.M. 

l 9 ' 

E 

3°->3 

33 

O 

pof. 

— 

A.M. and P.M. 

id 

SE 

30.24 

32 

fmali 

pof. 

— I 

A.M, 

21 

E ’ 

3 °* 4 ° 

3 i 

fmall 

pof. 

— 

A.M, and P.M. 

22 

W 

30,38 

35 

! fmall 

pof. 

— 

All the day, from a fog. The llrength 

22 

W 

30.33 

40 

fmall 

pof. 


of the ele&ric chaige in the tod was 
much governed by the occaiionai in¬ 
tensify of the fog; for as one abated 
in llrength fo did the other, and the 
contrary. At ten o’clock P.M. I re¬ 
ceived bright fpaiks at the ball L. 

Seven o’clock A.M. I found the rod 

w 

24 

w 

30.16 

■ 46 

fmall 

3 

pof. 


electrified, fufficiently llrong to emiti 
vifible fparks, and often afterwards 
the fame day. 

A.M. 

2C’ HE 

30.U 

i 42 

fmall 

— 

Mg* 

There was a moderate Ihower of rain 

26 

> 

w 

30. 2 

40 

0 

> pof. 


this morning, by which the rod was 
eleClrified negatively. 

1 A.M. balls open, from two to feven 

27 

w 

29.30 

42 

0 

pof, 

— 

j tenths of an inch. 

28 

s 

29.50 

44 

fmall 

• p° r ' 


A.M, at noon fell a fmall rain, which 




1 was void of eleCtricity, Near ten 



M-* Ri’ An f « 'MpfPnrnln&lcal YoUfti 


1 


Da\s. 

* 

j Winds, 

Baroxu. 

Ther 

Spaiks. 

Pof. 'Neg, 



1 ' 

Inches, 

0 




ten o’clock P.M, a fudden fhower 
rain, fhongly negative 

Jin* 2C 

W 

29.26 

40 

0 

pof. 

—. 

P M. A delightful dear fine day, b 







the atmoipl eric ele&ricity was vt 
weak till night came on. 


$c 

N 

29 30 

41 

0 

pof. 

— 

A.M. And P.M. negative, ' 

S l 

S 

29.68 

46 

0 

pof. 

— 

] 

Feb. i 

N 

29.87 

40 

0 

pof. 

— 

I 

2 

SW 

30.10 

40 

0 

poi 

— 

I 

3 

w 

3 0, 3 ° 

44 

0 

pof. 

— 

f Balls open fiom one to nine tent 

4 

w 

30.60 

46 

0 

pof. 

-— 

^ of an inch, weather fan and 

5 

SW 

30.61 

43 

0 

pof. 

— 

iene. 

6 

1 w 

3°* 6 3 

44 

0 

pof. 

mil.. 


7 

NW 

3 °- 3 S 

39 

0 

pof. 

— 


S 

N 

30.22 

36 

0 

pof. 

*— 


9 

W 

3 °* 5 

40 

fmaii 

pof. 

— 

Sparks juft vifible. 

10 

NE 

30* 7 

43 

0 

pof. 

— 


ii 

W 

30.20 

41 

0 

pof. 

— 

>Serene weather ftill continues. 

12 

W 

30.20 

45 

0 

pof. 

— 


J 3 

SW 

30*34 

1 

4^ 

i 

fmail 

pof. 


Nearly all the day, with fine brig 
fparks. 

14 

SW 

: 3 0,5t S 

44 

0 

pof. 

— 

1 Balls open from two to fix tenths 1 

*5 

w 

30.22 

40 

0 

pof. 

T 

J an inch. 

16 

s 

29.9s 

44 

0 

pof. 

■—' 

A.M. A fmali rain P.M. which did n 







occafion any change in the eiedti 
fluid. 


1 7 

18 

w 

w 

30.20 

30.42 

39 

42 

0 

0 

pof. 

pof. 


Balls open half an inch* weather A 
feiene. 

30 

s 

30.48 

45 

0 

pof. 

— 

20 

SE 

30.42 

40 

fmali 

pof 

—. . 

A.M. A foggy day. 

21 

SW 

30.38 

42 

0 

pof. 



22 

23 

24 

SW 

s 

SW 

30.43 

29.97 

S 0 *^ 

43 

46 

44 

0 

0 

a 

pof. 

pof. 

pof. 

— 

y Balls open from one to nine tent] 
of an inch, weather flill mild. 

25 

s 

29 99 

SI 

0 

Of. 

— ■ 


26 

w 

29.88 

SI 

0 

p°f 

— I 

*.M. I have often obferved that imp< 








tuous winds lefieti the intenfity of a 
mofpheric deftricity in clear weathe 
which has been verified this day; form 
the lead: fign of dedricity could be ol 
tamed from the rod till after funfe 






• 


•I** fVlO 
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Day. 

Winds. 

! 

Barom. ' 

1 

rher,,Sparks. 

Pof. [Neg. 

i 1 

| 



Inches. 

0 













ingfubfided, a little low vapour fprung 
up, I then received the fluid in great 1 
plenty, and of the fame kind that it 








has continued to be for twenty-feven 
days paft. 

Feb. 27 
j 28 

W 

NW 

30.20 

30.22 

45 

0 

0 

*— 

_ 

] 

Weak figns: balls not open. 

Mar. 1 

N 

3 °* 3 2 

47 

0 

pof. 

—. 

A.M. 

2 

NW 

3°*49 

50 

fmall 

pof. 

— ! A,M, fparks juft vifible, f 

3 

N 

3°*33 

49 

0 

pof. 

— 



4 

NW 

30.27 

40 

0 

poi 

—- 



5 

NE 

3 Q- 3 1 

43 

0 

pof. 

— 


>Very mild ferene weather. 

6 

NW 

30.47 

40 

0 

pof. 

— 



! 7 

NW 

3 0, 45 

42 

0 

pof. 

— 

4 


8 

SW 

30.44 

4 2 

fmall 

pof. 

— 

A.M. vifible fparks. Stilt no changej 








of kind. 

9 

SW 

30.20 

41 

0 

pof. 

— 

A.M. j 

10 

SW 

29.90 

46 

0 

pof. 

— 

P.M. A fliong gale of wind to-day.j 


i 

i 



pof. 

pof. 



The atmofphere is extremely dry. The 
fun appeared bright all day. No at- 
mofpheiic electricity could be obtained 
till near ten o’clock at night. This 
day, at Hallifax, fell a ihower of fnowy. 
accompanied with one flafli of light¬ 
ning and one clap of thunder. 



11 

SW 

30.20 

41 

0 

— 

1 

► A.M. Still moderate weather. 

12 

s 

30-3 1 

5 i 

0 


J 

T n 

SW 

30.20 

4 1 

0 

pof. 

— 

[A.M. Nine o’clock PM. to eleven! 







o’clock there was a moderate fhower 
of rain, which was eledtnfled nega- 











tively. I have not till this perceived a 
negative charge fince January the 28th. 

X <&j* 

NW 

3 °*S° 

49 

0 

pof. 

— 

A.M. At Thurfo, in Scotland** hailJ 







lightning, and thunder. 

15 

N 

30-57 

51 

0 

pof. 

— 

P.M. 

16 

N 

30.60 

40 

fmall 

poi. 

— 

A.M. viflble fparks. 

17 

NE 

30.60 

40 

0 

pof. 

— 

* 


28 

NE 

3 ° 5 ° 

: 45 

0 

pof. 

— 


► A.M. a very dry atmofphere. 

29 

E 

t 

3°-55 

! 44 

0 

pof. 

— 



20 

j E 

50.44 

43 

0 

pof. 

— 

A.M. there was an hoar froft upon the] 








grafs this morning. j 

21 

1 E 

30*39 

44 

0 

pof. 

— 

{A.M. S 


Mar* 






Days. 

1 

Wind. Barorn. 

rher 

Spaiks. 

Mar. 22 

] 

E 

[aches. 

3 0<1 S 

0 

42 

0 

23 

sw 

29.81 

46 

0 

24 

s 

29.80 

51 

0 

25 

NW 

3 °. 

46 

0 

26 

E 

30. 4 

48 

0 

27 

E 

3°’ 

46 

0 

28 

NE 

29.98 

44 

0 

29 

N 

3°. 

48 

0 

3° 

E 

29.95 

44 

0 

3 1 

E 

29.93 

47 

0 

April 1 

E 

3 °- 5 

45 

0 

2 

E 

30.20 1 41 

fmail 

o 

0 

E 

30.2s 

40 

0 

4 

E 

30.19 

40 

0 

s 

NE 

30.23 

47 

0 

6 

E 

29-95 

36 

0 

t 

E 

29.75 

45 

0 

8 

E 

^.75 

52 

0 

9 

E 

2 9\S7 

66 

fmail 

10 

1 E 

29.5O 

40 

fmail 

11 

E 

29.36 

35 

fmail 

12 

1 E 

29-3 S 

39 

0 

IC 

S E 

29.70 

3 s 

fmail 

ii 

{. NE 

29.81 

41 

0 

i< 

5 E 

29*68 

35 

fmail 


Pof. 'Neg. 

( 


pof. 


\ 

pof. 

— 


pof. 

*■“" 

1 A.M. divergency of the pith balls 
from one to nine tenths ot an inch. 

pof. 

— 


pof. 

— 

J 

pof. 

neg. 

A.M. from a fmail fhower of rain. P.M. 
the fluid was poficive. 

—, 

P.M. 

pof. 

— 

P.M. the air a little foggy. 

pof. 

" ' rl * 

A.M. not a beam of fun has appeared 
this day. 

pof. 

— 

A.M. balls half an inch open. 

pof. 

— 

A.M. 

pof. 

— 

A.M. viflble fparks. 

pof. 


1 Balls open from one to feven tenths 
> of an inch. 

pof. 

— 

pof. 


pof, 


""'"Weak figns of electricity. This weak 
ftate has not happened fince the 31ft. 



of December. There has been for 

1 


s many days a ftrong call dry wind, 
which feems hitheito nearly void of 
(_ the eleCtric fluid. 


,neg* 

P.M. from a fine (hower of rain. 


neg. 

A.M. the rain continues, lo docs i& 
negative ele&ricily. 

pof. 


A.M. from a little fall of fnow. P.M. 
fome fnow mixed with rain, on which 
the rod became charged much more 
flrongly pofitive. The rod has been 
charged full four hours to-day. 

— 

•— 

Weak figns j balls not open. 


neg. 

A.M. a moderate rain, but flrongly 
dedtiified, and continued fo full two 
hours, There were two gradual 
changes of electricity. 


n eg. 

P.M. but after funfet the rod was elec¬ 
trified pofitively. 

*•'**"" 


Six o’clock A.M. a little rain fell. Half 


after eight o’clock, a fine fhower of 1 
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April 16! NE 
if N 
l8 NE 
: 19 NE 

20 SE 

21 S 

22 S 

23 sw 

24 w 

25, sw 


26 NE 

27* N 
28 W 


may 1 E 


Barom, 

Ther. 

Sparks, 

i j 

Pof. Neg. 

Inches. 

29,85 

0 

41 

0 

pof. 


29.98 

42 

0 

pof. 

— 

29 80 

4 ° 

0 

pof. 


29.69 

41 

O 

pof. 


30.26 

45 

0 

pof. 

—• 

30.23 

47 

0 

pof. 

— 

29.94 

5 1 

0 

pof. 

*— 

29,70 

55 

0 

pof. 

— 

a 9-55 

52 

O 

pof. 


29.60 

5 1 

ftrong 

pof. 


29.85 

53 ' 

fraall 

pof. 


29.98 

47 

0 

pof. 

— 

29.80 

5 ° 1 

0 

pof. 

— 

29.69 

51 

0 

pof. 

— 

29,58 

53 

0 

pof) 

— 

2 9*75 

5 ° 

{mail 

* 

; 

pof. 


30*^2 

41 

0 

pof,* 


29.85 

49 

0 ! 

pof. 

mum 

29.03 

1 

51 

fmail 

pof. 




fnaw; the rod now became Erongly 
electrified pofitively. Denfe iparks 
were now received at the ball L; half 
after nine o’clock, the ele&ricity 
changed to negative. I caught fome 
of the fnovv in the apparatus men¬ 
tioned the 20th of July in this journal, 
and 1 found it weakly ele&rified. 


Divergency of the pith balls was 
from a tenth to feven* tenths of an 
inch. Fine ferene weather. 


A M. and P.M. negative from a little: 
fall of rain. * | 

Half pad nine o’clock A.M. A diftinft 
black cloud approached the rod, and; 
fome heavy drops of rain fell; the 
ele&ricity of the rod then changed to 
negative. About half paft three 
o’clock P.M. a very large low cloud 
palled over the rod, and rained a little, 
on which the rod became ftrongly elec¬ 
trified pofitively. 

A.M. P.M. on the fall of fome rain, 
the rod was charged negatively. 

The divergency of the balls from two 

J to fix tenths of an inch. Serene fine 
weather. 

Nine o’clock A.M. a fhower of rain; 
the eleftricity now became negative. 
The rod has been eledrified to-day 
from fix o’clock A.M. to ten o’clock 
P.M, and I fuppofe all night alfo. 

] Divergency of the pith balls from 
J three to feven tenths of an inch. 
A.M. 


N 

NE 

SE 
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Days. 

Wind 

Batom. 

Ther. 

Sparks. 

Pof. 

Nfg 


May {, 

S 

Inches. 

29.73 

0 

52 

ftrong 

pof. 


Six o’clock, A.M. very cloudy. Eight 

6 

SW 

29.75 

5 ° 

fmall 


n eg. 

o’clock it rained, the ele&ricity now 
became flrongly negative, with fine 
fpaiks at the ball L. This fhower 
having ceafed, another foon followed, 
which ele£trified the rod pofitively. 
The rod was charged 7 hours to-day. 
Every appearance at the rod to-day was: 

7 

W 

30.10 

56 

. 

1 

0 

pof. 

i 

nearly as during the preceding one. 
f Balls open, from one to five tenths 

1 of an inch. Such weak figns of eiec- 
1 tricity, as have been obferved for 
thefe two days, are r the nfuai effefts 
J of a very ftrong and dry wefterly 

8 

w 

29.B4 

5 ° 

0 

pof. 

— 

wind; and in general, let a ftrong dry 




I 

wind blow from what point of the 
compafs it may, it is attended with 
„ weak figns of electricity. 


The above-mentioned eighth day of May completes this jour¬ 
nal of one whole year, which I give to the curious in at mo- 
fpheric electricity as a faithful narrative of fails, having never 
once deputed another perfon to make obfervations for me. 

JOHN READ, 
of Kuightlbridge, near London, 


A monthly 
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A monthly account of eleCtrical fparks, and of pofitive and 
negative electricity, as indicated by the pith-ball electro¬ 
meter, and fometimes by only flaxen threads without balls 
to them. 


Number of days in each 
month in which fparks 
were perceived. 



Times 

Times. 

Days, 

23 days of May, 1789, \ 
8 days of May, 1790, J 

Pofitive 

i? 

Negative 

18 

9 

June 

Pofitive 

32 

Negative 

36 

1% 

July 

Pofitive 


Negative 

22 

12 

Auguft 

Pofitive 

19 

Negative 

19 

9 

September 

Pofitive 

9 

Negative 

23 

7 

O&ober 

Pofitive 

17 

Negative 


7 

November 

Pofitive 

12 

Negative 


8 

December 

Pofitive 

£2 

Negative 


7 

January 

Pofitive 

26 

Negative 


n 

February 

Pofitive 

26 

Negative 


3 

March 

Pofitive 

30 

Negative 


3 

April 

Pofitive 

28 

Negative 

£2 

8 



24I 


156 

98 


It appears from this journal, that there were only /even days 
throughout the year in which no figns of eleCtricity were per¬ 
ceived ; viz. the 15th and 23d of November, and the 6th, 
15th, 17th, 2ill, and 22d of December. 


Remarks on the phenomena exhibited by the rod on the 

31ft of Augufh 

I was for a long time extremely puzzled to account for the 
rapid changes which the pith balls on fome days fo frequently 

F f 2 exhi- 
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exhibited; being positive one minute, then negative for ano¬ 
ther, and the next returning again to pofitive. From often 
confidering this apparently whimfical changeablenefs in nature, 
I was at length induced to fufpeCl, what indeed was after¬ 
wards confirmed by a&ual experiment, viz. that fome of thefe 
changes are only apparent, and not real, they being occafioned 
not by the aCtu&l communication of a different fort of electri¬ 
city, but merely by the a&ion of ele&rical atmofpheres; thus, 
when an electrified cloud comes within a certain diftance of 
the rod, and before it comes near enough to impart to it fome 
of its own eleCtficity, the eleCtrical atmofphere of the former, 
agreeable to th4 well known laws of eleCtricity, will difturb 
the eleCfcric fluid!Jnaturally belonging to the rod, and will con- 
fequently occafi|n feveral apparent changes in the electrometer, 
which changes an unexperienced obferver would attribute in* 
tireiy to the dhinge of electricity in the clouds. 

This obfetvif||li was evidently confirmed by the phenomena 
obferved on the^ift of Auguft; and thence it appears, that 
the real number ’of changes from pofitive to negative, or from 
negative to pofitive electricity, cannot be fo great as it is (hewn 
by‘the'electrometer affixed to the rod. 

I cannot help lamenting with Signor Beccaria, that there 
are fo few high pointed rods ereChed to afcertain the electrical 
flate of the eartj^ and atmofphere at all times; but more par- 
* ticularly during| thunderl&ttiw. If there had been pointed 
. ^ jrods, for inftan &, ? |tJ^U^}iav|n and Lancafler on the 6th of 
| OCtober, and J^|| i atfe^Bed to at the time of the (form of 
1 lightning and ftfmder^fvhich happened at* both places nearly 

" IJ then have been known, whether 
pofitive at one place when it is* 


at tne lame trmernt woma 
the apparatus mig^ Sot be 
negative 'at he otht 
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XIIL Farther Experiments relating to the Decompaction of 
dephlogifiicated and inflammable Air • By Jofeph Prieftley, 


LL.D. F. R. S . 


Read April 7, 1791. 


r^PIHE do&rme of phlogifton , and that of the decompofitwn 
JL of water, have long engaged the attention of philo- 
fophical chemifts, and experiments have fometimes feemed to 
favour one conclufion, and fometimes an oppofite one. I have 
myfelf been very differently inclined at different times, as ap* 
pears in my publications 011 the fubjedt; and I am hardly fen- 
fible of a wifh which way this important controverfy, as it 
may be called, be decided, notwithftanding the part that I have 
taken in it. I cannot help thinking, however, that the expe¬ 
riments, an account of which I fhail now lay before the So- 
cietj, are dedfive in favour of the compofition of an add from 
dephlogifHcated and inflammable air; and, therefore, that the 
opinion of thefe two kinds of air neceffarily compofmg water 
cannot be well founded. It is, indeed, fufRcientiy evident, 
that the fame elements like wife compofe fixed air, and there¬ 
fore it is the lefs ‘extraordinary that they Ihould compofe ano¬ 
ther acid. 

The dodrine of phlogifton I would, however, obferve, will 
not be afte&ed by the moft decifive proof of the compofition 
of water from dephlogifiicated and inflammable air; fince this 

would 
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would only prove, that phlogifton is one conftituent part of 
water; which is an opinion that I have advanced, and men¬ 
tioned on feveral occasions; and it is the lefs extraordinary, as 
'water refembles metals in the remarkable property of being a 
pretty good conductor of ele&ricity. What I fhall now allege, 
however, will make it very doubtful, whether pure water be 
ever formed by the union of dephlogifticated and inflammable 
air; and perhaps make it more probable, that water, as 1 have 
lately advanced, is only the bqfis of thofe kinds of air, as well 
as of every other kind. 

It was objected to my former experiments on the decompoft- 
tion of dephlogifticated and inflammable air, by firing them toge¬ 
ther in a copper veflel, which always produced an acid liquor, 
that this acid came from the phlogifticated air with which the de¬ 
phlogifticated air that I made ufe of was neceffarily more or 
lefs diluted ; or from that which I could not wholly exclude, 
as a part of atmofphericai air, when I exhaufted the copper 
veflel by means of an air-pump. 

To obviate this objection, I then obferved, that I not only 
conftantly found that the more phlogifticated air was contained 
in the two other kinds of air (mixed in the proportion of two 
meafures of inflammable air to one of dephlogifticated) the lefs 
acid 1 got; but that, when I purpofely mixed any given quan¬ 
tity of phlogifticated air with them, it appeared not to have 
been at all affe&ed by the procefs, but remained the very fame, 
in quantity and quality, as before. * Still, however, becaufe 
Mr. Cavendish, though in a very different procefs, had 
found nitrous acid to refult from the decompofition of phlo¬ 
gifticated and dephlogifticated air; and becaufe ‘M, Lavoisier 
and his friends had found nothing but pure water after the 
flow burning of dephlogifticated and inflammable air ; it was 
: v maintained 
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maintained by the favourers of their fyftem, that the water 
only in the liquor which I procured came from the union of 
the two kinds of air, and the acid from the fhlogijlkated air 
which I had not been able to exclude. 

But let any perfon only confider the very fmall quantity of 
nitrous acid which was procured by Mr. Cavendish from the 
certain decompofition of 3194 grain meafures of atmofpherical 
air, amounting to more than 6| ounce meafures in one cafe, 
and of 2710 grain meafures, amounting to 5I ounce meafures 
in another cafe (Phil. Tranf. Vol. LXXV1II. p. 264, 268.), 
three-fourths of which was phlogifticated air; and the vaftly 
greater quantity which I procured (Ibid. p. 324.), when it 
could not be proved, that a particle of phlogifiicated air was 
decompofed, and think whether it was at all probable, that 
the add came from this kind of air, and not from the union of 
the dephlogifticated and inflammable air, which evidently dis¬ 
appeared in very great quantities. This circumftance alone 
might have fatisfled thofe who intereft themfelves in this quef- 
tion ; but it does not feem to have been attended to. 

I have now, however, effeflually removed the objection 
above mentioned, by inti rely excluding all phlogifticated air 
from the procefs; the dephlogifticated air which I at prefent 
ufe being fo pure, that it contains no fen Able quantity of phlo~ 
gifticated air. I alfo make ufe of no air-pump, but nrft fill 
the copper vefifel with water, and then difplace it by the mix¬ 
ture of the two kinds of air; yet, in thefe circumftances, in 
which all phlogifticated air is excluded, I procure even a 
ftronger acid than before. 

The paper that I fend along with this article contains the 
dry refiduum of the turbid green liquor, produced by a fingle 
explofion of a mixture of two parts inflammable and fome- 

thins 
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thing more than one part of dephlogiflicated air, in a copper 
veflel which holds thirty-feven ounces of water; and a little 
more muft have have remained in the veflel, which I could 
not get out by draining or fhaking it- It is mod: evident, there¬ 
fore, that the acid neceffary to diffolve fo much copper mud 
have come from the union of the dephlogiflicated and inflam¬ 
mable air, becaufe there was nothing elfe in the veflel. The 
inflammable air was procured from iron by means of fleam* 

This very pure dephlogiflicated air I fir ft imagined could only 
be got by the procefs in which I obferved (Experiments on Air, 
VoL II. p. 170.) that I once before procured it, though I then fup~ 
pofed the extraordinary refult to be accidental; becaufe in other 
circumffances I have fometimes had it very pure when I could 
not fucceed in a fecond attempt of the fame kind. It was by 
heating the yellow product of the folution of mercury in fpirit 
of nitre, without fufferiug the red precipitate into which it is 
converted by heat to come into contaft with the external 
air, from which I thought it probable that it might attraft 
forae phlogifton. Afterwards, however, I found that this 
circumftance makes no difference whatever; and that the air fo 
procured appeared to be purer, arofe from the greater purity of 
the nitrous air which I made ufe of as a teft, and which I got 
from mercury, and not from copper, the nitrous air from 
which I find to be much lefs pure. For trying the dephlo- 
gifticated air yielded by fome red precipitate which had been 
prepared many months by the nitrous air from mercury, it 
appeared to be as pure as that which was procured in the man¬ 
ner above defcribed. 

That the dephlogiflicated air which I now made ufe of was 
Efficiently pure for my purpofe, appeared from mixing one 
meafure of it with two of nitrous air, when the whole cpian- 
1 tity 
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tity was reduced to lefs than four hundredth parts of one mea- 
fure; fo that it is probable that, by a more accurate pro¬ 
portion of the two kinds of air, and greater addrefs in mixing 
them, they might have almoft inti re iy difappeared. There is 
betides fome reafon to think, from the great variety in nitrous 
air, that the greater part of this very fmall retiduum comes 
from the nitrous air, and not from the dephlogifticated. 

It will be faid, how is it poflible to reconcile the refult of 
this experiment with that of M. Lavoisier and his friends ? 
which I was by no means difpofed to queflion after the publi¬ 
cation of the RxtraU from the Regifler of the Academy of Sci¬ 
ences for Augufl 28, 1790, in the feventh volume of the 
Annales de Chimie , in which a diflinCt account is given of a 
large quantity of very pure water procured from the flow co in¬ 
ti uftion of the two kinds of air above mentioned : for before 
this it was acknowledged, that fome little acid was always 
found in the water fo procured. 

But my late experiments, betides afcertaining the fadfc of the 
production of nitrous acid from the decompotition of dephlo- 
giflicated and inflammable air, throw fome farther light ou the 
fubjeCt, and may in fome meafure explain their refult; for I 
am now able to procure, in my own procefs, either nitrous acid 
or pure water, from the fame materials. 

I conftantly obferve, that if there be a furplus of dephlo- 
giflicated air, the refult of the explotion is always the acid 
liquor; but that if there be a furplus of inflammable air, the 
refult is Amply water. That phlogxfticated air is not in all cafes 
affe&ed by this procefs, I completely afcertained, by admitting 
a little common air into that mixture of the two kinds of air 
which always produced water, and finding nothing but water 
in the refult. 

Vol» LXXXL 
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I find, however, that, agreeably to the experiments of Mr* 
Cavendish, phlogiflicated air is decompofed in this procefs, 
when there is not enough of inflammable air to faturate the 
dephlogiflicated air 5 though when d me is a redundancy of 
inflammable air, there is even a production of phlogiflicated 
air. Putting 0.5 oz. m. of phlogiflicated air to a mixture of 
two ounce meafures of inflammable air and 1 5 oz. m. of de- 
phiogifticated air, the whole was reduced by explofion to 1.05 
oz. m. of the flaudard of 1.1, with two meafures of dephlo- 
gifticated air, which appears by computation to contain no 
more than 0,388 oz. m. of phlogiflicated air; fo that 0.1 12 oz. 
m. had been decompofed in the procefs. When there is a fuffi- 
cient quantity of inflammable air, the phlogiflicated air always 
remains unaffected in this piocefs,as appears by mixing any quan¬ 
tity of it with the two kinds of air to be exploded, and finding 
the very fame quantity, as I have repeatedly done, in the refiduum* 
That when there was a fufficiency of inflammable air for 
the purpofe, phlogiflicated air is even produced in this piocefs, 
was evident from my never being able to diminifh any quan¬ 
tity of dephlogiflicated air by inflammable air fo far as by good 
nitrous air, and the refiduum always containing phlogiflicated 
air. Having exploded two meafures of inflammable air with 
one of dephlogiflicated air, which by a mixture of two mea¬ 
fures of nitrous air was reduced to 0.04, there was a refiduum 
of 0.1, of the flandard of 1.3, which appears by computation 
to contain 0,0767 oz. m. of phlogiflicated air. 

The reafon why, in my former experiments, I always pro¬ 
cured more or lefs acid, muft have been that, without any in¬ 
tention, or fuipe&ing that any thing depended upon it, 1 muft 
have had fome furplus of dephlogiflicated air. M. Lavoisier 
I alfo perceive to have taken it for granted, as I did, that 

after 
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after either of our proceffes, any furpius of either of the two 
kinds of air would only have remained unfatu rated, and have 
been found unchanged in the reffduum. 

I claim no merit whatever in this ohfervation. It was in 
confequence of accidentally finding pure water in what I then 
imagined to be the fame circumftances in which I had always 
before found acid, and which fin prized me not a little at the 
time, that 1 was led to vary the pioportions of the two kinds 
of air, till at length I fucceeded in afcertaining the circum- 
flances on which this remarkable difference in the refult de¬ 
pends ; but I am by no means able to afflgn any reafon for this 
difference. 

In this flate of my experiments I concluded, that nitrous 
acid 7 though confining of the fame elements with pure water, 
contains a greater proportion of dephlogiflicated air; and in 
the lafl edition of my Obfervations on Air , Vol. III. p. 543. I 
obferved, that 4< fubflances, poffeffed of very different proper- 
ifi ties, may be compofed of the fame elements, in different pro* 
« portions, and different modes of combination. It cannot 
« therefore be faid to be abfolutely impoffible, but that water 
fifi may be compofed of thefe elements,” ©s, dephlogiflicated 
and inflammable air. 

When I firft prepared an account of my late experiments 
for the Royal Society, I entertained this idea ; but I now con* 
fider It as at leaf! uncertain, becaufe when I mix the two kinds 
of air in fuch proportions as to produce water , I find in the 
refiduum much more phhgifloated air than I do when acid is 
produced, which affords a fufpicion that, in this cafe, the prin¬ 
ciple of acidity goes wholly into the phlogifticated air, which, 
as my former experiments Ihew, adually contains it, though 
It is not eafy to ascertain in what proportion. 

• G g 2 
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Having exploded three ounce meafures of a mixture of 
fomethin^ more than two parts inflammable air, and one of 
dephlogifticated, and another equal quantity in which the in¬ 
flammable air bore a lefs proportion to the dephlogifticated, the 
former of which 1 knew would yield water, and the latter 
acid, I found the refiduum of the former to be 0,57 oz. m. 
not affe&cd by nitrous air, and weakly inflammable; and in 
order to find how much phlogifticated air it contained, I mixed 
different proportions of phlogifticated and inflammable air, and 
concluded, from the manner of firing them, and this refiduum , 
that it could not conftft of lefs than one-third of phlogifticated 
air, viz. 0.19 oz. m. But the refiduum of the mixture which 
would have produced acid was 0.62 oz. m. of the ftandard of 
i.o, which I find by computation to contain not more than 
0.062 oz, m. of phlogifticated air. I repeated this experiment 
very many times, and never failed to have a fimilar refult j fo 
that it is very pofiible that the pure water we find may be 
nothing more than the bafis of the two kinds of air; and the 
principle of acidity in the dephlogifticated air, and the phlogifton 
in the inflammable air, may combine to form a fuperfluous 
acid in the one cafe, and the phlogifticated air in the other. 

This fuppofition is ftrengthened by finding that whether the 
produce be acid, or pure water, the two kinds of' air unite in 
nearly the fame proportions. But fince water has an affinity 
to almofl every fubftance in nature, and a peculiarly ftrong one 
to the acid and alkaline principles, it may be impoffible that it 
fhould be wholly free from them; and if they be in-proper 
proportions to faturate one another, and in the fame quantities, 
their prefence may never appear. 

As the reafon why, in my former experiments, I always 
produced an acid liquor, and never pure water, was mf ufing 

too 
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too great a proportion of dephlogiflicated air; fo the reafon 
why M, Lavoisier and his friends generally produced but 
little acid, and at laid not at all, muft have been, that the flow 
combujiion which they made ufe of gave the principle of acidity 
in the dephlogiflicated air, and the phlogifton in the inflamma¬ 
ble air, a better opportunity of efcaping, and forming the phlo- 
gifticated air in their refiduum, of which they have not pub- 
lifhed any fatisfadfory account * ; and it is probable, that the 
weight of thefe elements compared with that of the water 
which forms the bafis of the two kinds of air, may be very 
fmall. That excellent philofopher M. De Ltic fuppofes that 
they have even no weight at all. 

M. Lavoisier himieif, 1 obferve, lays particular flrefs, (p. 
26 2.) on the flownefl of the combuftion, as if he fufpefted it 
to be neceffary to his refult. This circumflance may alfo 
account for my want of fuccefs in the attempts that I made to 
repeat his experiment: for whenever 1 made a flream of in¬ 
flammable air to burn in a veflel of dephlogifticated air (which 
I contrived to do by means of a lefs expenftve, but I own a lefs 
accurate, apparatus than his) I always got fome acid, though, 
lefs than in my own procefs; but I made a larger and ftronger 
flame than I imagine M. Lavoisier cbofe to produce. 

J11 the courfe of thefe experiments, I found, that when the in¬ 
flammable air 1 made ufe of was from turnings of cafl Won , there 
was always a considerable quantity of fixed air in the refiduum, 
not lefs than one-tenth of a meafure, after the explofion of two 

* Since this was written, MefF. Fourcroy, Vauqjtelik, and Segtjik, have 
publifhed a very particular account of their experiment; from which it appears, 
that, after the combuftion of the two kinds of air, there was a pretty large refi¬ 
duum of phlogifticatcd air, more than was contained in the airs before combuftion,. 
See Jsmks de Qbimht f for April 1791, p. 35. 
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meafures of inflammable air and one of dephlogifticated; 
whereas there was either no fixed air at all, or the flighted 
appearance of it imaginable, when 1 made ufe of inflammable 
air from malleable iron, extracted either by means of fleam, or 
acids. 

The principal of thefe experiments, as well as thofe in my 
former Papers on this fubjedt, will be found to confirm the 
fimilar ones of Mr. Cavendish ; but they prove the fource of 
the aeid in the refults not to be what he imagined, m. phlo~ 
gifiicated air, but the union of the dephlogiflicated and in¬ 
flammable air; and they alfo make it at lead: doubtful, whe¬ 
ther thefe two kinds of air compofe pure water. 
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XIV. Experiments on Human Calculi . In a Letter from Mr. 
Timothy Lane, F. R» S. to William Pitcairn, At D. 
F. R. $. 


Read May 5, 1791 


SIR, 

T will give me much fatisfadlon fhould the following ex- 
X periments, made twenty years ago, fo far meet your ap¬ 
probation, as to be thought woithy the notice of the Royal 
Society. 

The Lixivium Saponarlura of the late Pharmacopoeia, pre¬ 
pared with the addition of fo much lime as nearly to free the 
fait of tartar of its fixed air *, having been ufed as a medicine 
for the Rone and gravel fome years before, and its effeds 
found very unequal, I thought it necefifary to examine dif¬ 
ferent calculi, then colleded, both as to the efFed of the above 
lixivium, and of fire, upon them. 

Great difparity was obferved; fome being diffolved, and 
others fcarcely altered in their figure. 

When tried by fire, fome were nearly evaporated by a red 
heat, and others retained their form. 

Different parts even of the fame calculus, varied confi- 
derably. 

* See Letter to Dr. Hebeeden, Medical Tranfadtions, Yol. I. p. nz. 

a That 
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That I might be better infotmed of the above, the experi¬ 
ments were repeated both by fixe and lixivium, with greater 
accuracy, as follows. 

Fouiteen fpecimens were fele&ed, fome of which were 
parts of the fame calculus, and others different calculi. 

In the experiments by fire I was favoured with the afMance 
of Mr, Stanesby Alchorne, of the Tower, to whom were 
fent ten grains of each, in feparate papers, which were num¬ 
bered. 

The contents of each paper were placed in feparate cupels, 
under a muffle, the fame as is ufed by him for affaying gold 
and filver. The fire was raifed gradually, till the furnace was 
fully heated : the time from railing the fire to the taking them 
out again was three hours, when it was concluded, that what- 
ever volatile matter they contained was expelled. 

The fame quantity as above, of each fpecimen, being put 
into feparate numbered phials, with one ounce meafure of the 
lixivium in each, continued forty-eight hours; the phials were 
frequently fhaken to forward the folution. 

The clear liquor of each phial was decanted into frefh phials, 
and a quarter of an ounce more lixivium was added to fuch as 
were undiffolved; after twenty-four hours they were poured oul 
of the phials into feparate filtering papers, each numbered, anc 
the phials wafhed with diffilled water, which was alfo poured 
into the papers, fo that all that remained undiffolved might bt 
detained by the papers, which with their contents were care¬ 
fully dried. 
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appearances of each after Calcination* 

N° i# g. 7. 8. left a fine white and foft powder* 

N° 4. 5. 11* 12* left a white and gritty powder. 

N° 2. 6. 9. 10. 14. were partly in powder white and gritty, 
with fome lumps of a dark colour, as if not fully calcined. 

N° 13. Of this the figure was not greatly altered; it remained 
hard, and part of it appeared as if inclined to flux. 

v After being in the lixivium forty-eight hours* 

N° 8. 9, 13. 14. were found foft. 

N° 7. and 10. remained hard. 
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Thefe fix were fqpaiatdy taken out of the lixivium and put 
into a mortar, and "rubbed or broken, and then carefully re« 
turned to their feparate phials before the fecond addition of 
lixivium, in order to forward the folution. 

Specimens described, 

N° i. The external part of a laminated calculus, of a light 
yellowifh brown colour *. 

N° 2. The external part of a calculus, in colour like dirty 
tobacco-pipe clay f. 

N° 3. A light-brown laminated calculus^ 

N° 4. and 5. Two fpeciniens from one calculus; of which 
N° 4. is the external coat, of a duty tobacco*pipe-day colour. 

N 3 5 The internal part of N° 4., ydlowilh like N° 1. 

N° 6. A calculus taken out of the urethra ; a greyilh white, 
inclining to yellow, of a porous texture. 

N° 7, A calculus about the lize of a nutmeg, taken from a 
child of a year old, given me by the late Mr. Pott ; afh- 
coloured, in waves of different {hades, laminated and hard. 

N° 8. A dark-brown very hard calculus, of the mulberry kind. 

N° 9. and 10. Two fpecimens. from one calculus; of which 
N° 9. is the external whitifh part, which appeared like a coat 
of calcareous earth, covering an irregular mulberry calculus 

t 

% The nucleus, fo called, being the cental part, was of a muck deeper 
colour, and had been found not fo foluble in lixivium as the light-brown part. 

t The nucleus was of a bright yellow, and more foluble m lixivium than the 
vhitifh part. 

I The covering of this calculus induced me to fufpea that lime or lime-water 
might have been taken, and, by being decompounded by frefh urine, containing 
fixed air, form this covering. Other calculi have afforded the fame fufpicions. 

In future, an account of medicines taken might afford much information, 

joined with, the examination of different parts of large calculi taken out of the 
bladder. 
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N° 10. The brown mulberry part covered by N° 9. The 
three following are parts of one large, laminated calculus; of 
which 

N° 11. Is the external lamina, of a brownifh yellow. 

N° 12. The central part, called the nucleus, of a pale 
orange colour. 

N° 13. Some of the laminae, between the nucleus and the 
external coat, of a fparkling appearance. 

N° 14. A whitilh, porous, and eafily broken calculus. 

The experiments by fire explain the unequal accounts of 
authors, refpe£ting the component parts of calculi. 

In general, thofe which contain the larged proportion of 
volatile parts were moft foluble in lixivium. 

The infolubility of fame explains the want of fuccefs in 
feveral cafes, where lixivium, foap, and lime-water, have been 
given as remedies. 

The folubility of others, joined with the teftlmony of re¬ 
putable authors, and my own experience for near thirty years, 
confirm the falutary effeds of lixivium in many cafes. 

It frequently happens, in fits of the gravel and done, that 
gravel or fmall pieces of calculi are difcharged, which Should 
be examined. 

If perfedly foluble in lixivium (Aq* kali purl) % the remedy 
is obvious; if imperfedly, doubtful; if infoluble, lixivium 
will only irritate, without benefit. 

I am, &c. 
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Atderigate-ftrcet, 
March 10, 1791. 


T. LANE. 
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XV, Chermes Lacca. By William Roxburgh, M. D. of 
Samulcotta. Communicated by Patrick RufFell, M, D* F» R. S+ 


Read May 19, 1791. 

COME pieces of very frefh-looldng lac, adhering to fmall 
^ branches of Mimofa cinerea *, were brought me from the 
mountains, on the 20th of November, 1789. I kept them 
carefully in wide-mouthed cryftal bottles, {lightly covered ; and 
this day, the 4th of December, fourteen days from the time 
they came from the hills, thoufands of exceeding minute red 
animals were obiervtd crawling about the lac and the branches 
it adhered to, and {bill more were iffuing from fmall holes on 
the fur face of the cells# By the affiflance of glafl'es, fmall im¬ 
perforated excrefcences were alfb obferved, interfperfed among 
thefe holes, two, regularly, to each hole, crowned with fome 
very fine white hairs, which being rubbed off, two white fpots 
appeared. The animals, when {ingle, ran about pretty brilkly; 
but, in general, on opening the cells, they were fo numerous 
as to be crowded over one another. The fubftance of which the 
ceils were formed cannot be better defcribed, with refpeft to ap¬ 
pearance, than by faying it is like the tranfparent amber that 
beads are made of. The external covering of the cells may be 
about half a line thick, is remarkably flrong, and able to refill 
injuries: the partitions are much thinner. The cells are in 
general irregular fquares, pentagons, and hexagons, about an 

* Lac, on this coaft, is always found upon the three following fpecies of Mi- 
mofa; ift, a new fpecies, called by the Gentoos Conda corinda j ad, Mimofa 
glauca of Koenig j and, 3dly, Mimofa cinerea of Linkjetis, 

eighth 
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eighth of an inch in diameter, and a quarter of an inch deep: 
they have no communication with each other. Ail thole I 
opened, dining the time the animals wete inumg from them, 
contained in one fide, and which occupied halt the cell, a 
fmall bag, filled with a thick red jelly-like liquor, replete with 
what I take to be eggs, Thefe bags, or utriculi, adheie to the 
bottom of the cells, and have each two necks, which pals through 
perforations in the external coat of the cells, forming the before- 
mentioned excrefcences, ending in fome very fine hairs. 

The other half of the cells have a diftant opening, and 
contain a white fubftance, like fome few filaments of cotton 
rolled together, and a number of the little red infeds themfelves 
crawling about, ready to make their exit. Their portion of 
each cell is about a half; and, I think, muk have con¬ 
tained near one hundred of thefe animals. Other cells, lefs 
forward, contained in this half with one opening, a thick, 
red, dark biood'Coloured liquor, with numbers of exceedingly 
minute eggs, many times fmaller than thofe found in the fmall 
bags which occupied the other half of the cells. Several of 
thefe infers 1 obferved to have drawn up their kgs, and to 
lie flat; they did not move on being touched; nor did they 
fhew any figns of life upon the greatefl irritation 

Dec. 5. The fame minute hexapodes continue bluing from 
their cells in numbers. 

Dec, 6. The male infed, I have found to*day, at leaf! what 
I think is fuch. A few of them are conftantly running about, 
and over the little red infers, (which 1 fhall now call the 
female) mofl: adively: as yet they are fcarce, not more, I 
imagine, than 1 to 5000 females, but they are four or fire 
times their fize. 


* It will appear in the fecpiel, that thefe were on the point of transformation 
into therpopa hate, 

I TW** 
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To-day the female in feds continue illuing in great numbers, 
and move about as before. 

Dec. 7. The fmall red or female infeds, are (till more nume¬ 
rous, and move about as before. The winged or male infeCts, are 
{bill very few, but continue aCtive. There have been frefh leaves 
and bits of the branches of Mimofa cinerea, and Mitnofa intfia, 
put in to them. They go over them indifferently, without 
(hewing any preference or inclination to work, or to copulate. 
I opened a cell, from whence I thought the winged flies had 
come, and found feveral (eight or ten) ftruggling to (hake off 
their incumbrances. They were in one of thofe utrlculi men¬ 
tioned before, which end. in two mouths, (hut up with 
fine white hairs $ but one of them was open for the exit of the 
flies; the other would, no doubt, have opened in due time. 
This utriculus I found now perfectly dry; and could plainly 
fee it was divided into minute cells, by exceedingly thin mem¬ 
braneous partitions. I imagine, before any of the flies made 
their efcape, it might have contained about fixteen or twenty. In 
the minute cells, with the living flies, or fiom whence they had 
made their efcape, were fmall dark-coloured compreffed grains. 

March 26, 1790, I found fome branches of the fame fort of 
Mimofa, with numbers of the minute red hexapodes, men- 
tioned in December (feemhigly in their pupa date), adhering 
to them. They are of various fizes, from half a line to a line 
and a half in length. I found many of the large ones empty. 
They have a round opening at the lower end, with a fmall 
round operculum, or lid, which now Joofely covers the empty 
hufk or (hell; the infxde of thefe is lined with a fmall white 
membrane; others were dill (hut, fome were opening, and fome 
half open, with the infers projecting more or lefs, and foon 
extricating themfelves entirely* 

I opened 
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I opened fome of the middle-fized, and, found they con¬ 
tained a thick, deep blood-coloured liquid ; others, foil! larger, 
put on the appearance of the fly, which was foon to ififue, 
retrograde. 


Deferipiion of the male lac infeffi In its perfect Jlate. 

It is then about the fize of a very fmall fly, and exceedingly 
active; the larva and pupa ftate, I am as yet unacquainted 
with. 

Head obtufe; between the eyes a beautiful, fhining green. 

Eyes, black, very large m proportion to the animal. 
Antenna, clavated, feathered, about two thirds the length 
of the body; below the middle, an articulation, fuebt 
as thofe in the legs. 

Mouth : I could not difHn&Iy fee it. 

'Trunk, oval, brown. 

Abdomen, oblong, length of the trunk and head. 

Extremities , Vide p. 232. 

Legs, flx ; with them it runs brilkly, and jumps a&ively* 
Wings, four, membranaceous, longer than the abdomen, 
incumbent; the anterior pair twice the fize of the 
pofterior. 

Tail, none. 


Defcription of the female lac infebt* 

Larva, red, very minute, requiring a good lens to diftingulfh 
its parts. 

Head, fcarcely to be di&inguifhed from the trunk. 

Antenna , filiform, bifid, hairy, length of the infed. 
Eyes: in the back part of the trunk are two minute eleva¬ 
tions, which may be they. 


Mouth* 
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Mouthy on the middle of the breaft, between the firft pair 
of legs, which the little animal projects on being in¬ 
jured, ocherwife it cannot be feen. 

Trunk and Abdomen, oblong, comprefled, tapering equally 
towards each end, crofled with twelve annular fegments, 
margins very flat, and feem to be marked with a double line. 

Extremities. 

Legs, fix, running, does not jump. 

Wings, none. 

Tail, two (lender white hairs, as long as the antennae, 
with a white point, which may be called the rump, 
between them. 

Pupa : the duration and peregrinations of the larvae feem very 
fhort and confined; for, in a few days after ifluing from 
their cells they fix themfelves on the fmall, but hard, woody 
branches of the tree they were produced on ; it feeming 
Impoffible that they can in this {late tranfport themfelves 
to any other. About the end of December, or beginning 
of January, they have done ifluing from their cells, and 
are flicking faft to the branches, regularly with their 
heads towards the extremity of the branch. The legs, 
antenna;, and tail, are now entirely gone. Their progrefs 
through this ftate is flow, requiring about three months. 
Soon after they have fettled themfelves, they become 
covered with a hard, brittle, garnet-coloured cruft, fimi- 
lar to the lac of which the cells are made, but of a 
brighter colour. They retain only a rude refemblance of 
their former fhape. About the end of March they have 
acquired three or four times their original fize; a fmall, 
round lid or cover is now obferved at the lower part, 
which opens, but does not always fall off, and gives a 
retrograde paflage for the fly, now in its perfect ftate. 

, * The 
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The in fed in its perfect ft ate is rather final ler than the male, 
of a brighter red colour, and lefs retire. 

Head, fmall in pioportion to the body, pointed. 

Eyes, very minute. 

Antenna , filiform, not articulated as in the male, fpread- 
ing, fomewhat fhorter than the infect. 

Mouth : I could not difeover it diftindly. 

< Trunk , red, almoft orbicular. 

Abdomen, red, oblong, compofed of twelve annular figments. 
'Extremities. 

Legs , fix, for running or jumping. 

Wings, two, incumbent, longer than the abdomen, tranf- 
parent. 

Tail, two white hairs as long as the infect. 

With regard to the oeconomv of thefe little animals, I mu ft, 
for the prefent, be ftlent; having little more than conjecture 
to offer on that head. 

The eggs, and dark-coloured glutinous liquor they are found 
in, communicate to water a moft beautiful red colour, while 
frefh. After they have been dried, the colour they give to 
water is lefs bright; it would therefore be well worth while 
for thofe, who are fituated near places where the lac is plenti¬ 
fully found, to try to extrad and preferve the colouring prin¬ 
ciples by fuch means as would prevent them from being injured 
by keeping-. I doubt not but in time a method may be difeo- 
vered to render this colouiing matter as valuable as cochineal. 

Mr. Hellot’s procefs for extrading the colouring matter 
fiom dry lac deferves to be tried with the frefh lac in the 
month of Odober, or beginning of November, before the 
infeds have acquired life; for I found the deepeft and beft: 
colour was procured from the eggs while mixed with their nidus. 
Von. LXXXI. I i His 
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His procefs is as follows. Let fome powdered gum kc be 
digefted two hours in a deco&ion of comficy root, by which a 
fine crimfon colour is given to the water, and the gum is ren¬ 
dered pale or draw coloured. To this tin&ute, poured off 
clear, let a folution of alum be added ; and when the colouring 
matter has fubfided, let it be fepaiated from the dear liquor 
and dried; it will weigh about one filth of the quantity of 
lac employed. This dried Itcula is to be diffolved or diffufeff 
in warm water; and fomc folution of tin is to be added to it, 
by which it acquires a vivid fcailet colour. This liquor is to 
be added to a folution of tartar in boiling water; and thus the 
dye is prepared. 

In India comfrey roots are not to be had ; but any other muci¬ 
laginous root, gum, or baik, would probably anfwer equally 
well. On fome parts on the Coromandel coaft, if not over it 
all, a decoffion of the feeds of a very common plant (Caflia 
tora of Linnaius), which is exceedingly mucilaginous,'' is 
ufed by the dyeis of cotton cloth blue, to help to piepare the 
blue vat. It fufpends the indigo till a fermentation takes place 
to diffolve it, and alfo helps to biing about that fermentation 
earlier than it otherwife would. The gum kc (or lather 
refm) itfelf is known to be perfedtly foluble in fpirits of wine. 
The empty hulks which covered the pupa are alfo foluble in 
fpirits, but without a very large proportion of the fpirits is 
vifed, it foon becomes thick, like a jelly. Four grains com¬ 
municated that quality to three drams of rectified fpirits of 
wine. This jelly is very difficult of folution in fpirits; a 
month has not effected it in a heat of from So to 90 degrees 
of Fahrenheit’s feale. The fubftance of which thefe hulks 
are compofed, is an exudation from the larva: themfelves, 
which becomes hard by expofure to the air. The cells fieemt 
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to be nude of a very different fubftance; what that is, and the 
manner in which they are made, remains ftill to be difcovered. 

Explanation of the figures. Tab. VI. 

1. A piece of lac on a fmall branch of Mimofa cinerea, 
natural fize. 

2. The outfide of the top of a cell, with its three openings; 
the white one with the hairs is ftill unopened. 

3. One of the utriculi for the male flies, with its two necks, 
which correfpond with the two upper apertures in fig. 2. 

4. One of the eggs found in the utriculus, fig. 3. which 
produces the male flies. 

5. The male fly in its perfect ftate. 

6. Small comprefled dry grains, found in the cellulae with 
the male flies. The laft five figures are all much magnified. 

7. A fmall bit of a branch of Mimofa cinerea, with the 
female infefts in their pupa ftate, natural fize. 

8. One of the eggs which produce the female larva. They 
aie always in that portion of the cell from whence the larva 
blues. 

9. The female larva. 

10. -pupa. 

11. -—— with the lid opening, and the infe& 

protruding. 

12. The female fly in its complete ftate. 

The laft five figures are much magnified. 
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p* 232. muft be nearly true, whatever may be the real figure 
of the earth. But, it may be faid, that the arc between the 
meridians of Botley Hill and Goudhurft (17(f) is too fhort to 
infer from obfervation the value of the arc between the meri¬ 
dians of Greenwich and Dunkiik (amounting to near a degree 
and a half), fufficiently accurate for finding the longitude to 
great precifion ; becaufe it has been remarked in the Appendix 
to the fame Volume, that an error of 1", in either of the 
horizontal angles at the above {rations, would caufe a variation 
of near 6" of a degree in the longitude of Dunkirk or Paris. 

M. Bouguer’s fpheroid agreeing nearly with the meridional 
meafurements, it was adopted for the purpofes of latitude. But 
the degree perpendicular to the meridian in latitude 51 0 6 ' 53" 
is found to be 61248 fathoms (Vol. LXXX. p. 215.) which 
falls fhort of M. Bouguer’s degree about 22 fathoms; there¬ 
fore, fuppofing the directions of the meridians to have been 
very accurately determined, the earth cannot be this fpheroid, 
notwithflanding the ingenious hypothefis respecting the curve 
of the meridian. But it is alfo well known, that the mea- 
fured degrees of latitude in different places are inconfiftent with 
an elliptical meridian: for, fuppofe an ellipfoid to be deter¬ 
mined with the degrees found at the equator and polar circle, 
the computed degrees in middle latitudes will be much longer 
than the meafured ones, as it is well known; and the whole 
meridional arc between Greenwich and Paris will, on fuch an 
ellipfoid, exceed the meafured arc by a quantity anfwering to 
about 21" of latitude. It is evident, however, that if we fuppofe 
final 1 errors to have taken place ,it\ determining the celefiial arcs, 
or differences of latitude in fome of the operations (for there 
_,is little doubt but the lerreftrial menfvurations in general haye 

been 
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b -n ww*. n n £t encuph', it will be eafy to reconcile moil: of 

r.,.“ . .J* ‘o m eilipic'i. 

1 jj r l.dlov.ing computations of tl * longitude are made on a 
fuppjlition, that the earth is an elliploid, for the put pole of 
c imp-iing the coneiafions with what has been inferred from 
obfeivati >n. It will be iben, that the ratio of the axes comes 
out very near the ratio affigned by Sir Isaac Newton, 01-229 
to 230. It is determined of fuch a magnitude, by adhering 
neaily to the meafured arc of the meridian between Green¬ 
wich and Paris, deduced from the late operation, that the 
computed meridional degrees differ but little from the meafured 
ones in five different places in middle latitudes; but the defeats 
at the equator and polar circle are fuppofed to be nearly equal 
to each other. This will be feen better by the following com¬ 
parative view of the meafured and computed degrees in the 


fame latitudes. 

Accord, aJ U 

Lai. 

Meafured* 

Com¬ 

Excefs or de¬ 


0 / 

Fath. 

puted, 

Fath. 

ft cl m mea- 
fm ed arc , 

M CONDAMINE, SwC* 

0 0 

60481 

60344 

+ 137 

Mason and Dixon, 

39 ™ 

60628 

60682 

- 54 

Boscovich, 

43 0 

60725 

60738 

- 13 

Cassini, &c. 

45 0 

607 78 

60768 

4* 10 

Liesganxg^, 

48 43 

60839 

60823 

4* 16 

French and Engltjh J 

• Arc from latitude' 
48 :i 50' 14" to 

>160656 

V 

160662 

- 6 

i 

Maupertuis, &c* 

- 51° 28' 40" . 
66 20 

1 

61194 

61057 

+ 137 


In the five comparifons, from latitude 39 0 iz / to Green¬ 
wich, the greateft error (54 fathoms) anfwers to about f of 
the celeftiai arc : neither of the other four differences amounts 
* From tic late Gen. Roy’s Paper in the Phil. Tranf. 1787. 
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to i". The determination of M. Beccaria is not brought into 
the comparifon, became his meafured degree in latitude 44 0 44' 
is longer thuii the mea fured one in latitude 45 0 . 

The Xngitude of Dunkirk on this eliipfoid is found to be 
pm. 49.8s. in time; and coufcquently that of Paiis pm. 
20} s., which is about i i s. more than that inferred from 
the value of the mealured arc between Goudnurff and the 
meridian of Botley Hid; and theiefore the fum of the two 
horizontal angles at thele ftations would, on this eliipfoid, be 
only about 4 // lefs than thole found by actual obiervation. 

Method of computation . 

On an eliipfoid, where the degrees of the meridian at the 
equator and polar circle aie 60481 and 61194 fathoms reflec¬ 
tively, the degree in latitude 50° pT (the middle latitude be¬ 
tween Greenwich and Paris) will be 60081 fathoms, exceeding 
the mealured degree by 140 fathoms (voL LXXX. p. 225*) * 
therefore, if each of the former degrees was about 140 fa¬ 
thoms lefs, the computed and mealured atcs in latitude 50" fi 
would be nearly the fame. But, that they alfo may nearly 
agree in latitude 45°’ degrees at tho equator, and in 

latitude 50° p'f, be taken 60344 and 60844; then, from thele 
two degrees, the ratio of the axes will be found as the tan¬ 
gents of the arcs 50° pT and 50° 1' 3 5' i ; and the femi-axe* 
3489932 and 3473656 fathoms *. ^ 

* Determined thus : If light lines are drawn perpendicular to the curve of a conic 
feMion to meet the axis, it is known, that the radii rf curpame at the pi, Us h the 
eurm from whence theft lines are drawn, will he asthe c 3 es of thtft lines. Hence, if PC, 
GB* EC (Tab. VII. fig. I.), are perpendicular to the curve, the radii of curvature 
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The length of the whole meridional arc between Greenwich 
and Paris on this ellipfoid is fix fathoms greater than the mea- 
fured arc; the degree in latitude 48° 43% 16 fathoms lefs; in 
latitude 45% 10 fathoms lefs; in 43 0 , 13 fathoms greater; 
and that in latitude 39 0 iz', 54 fathoms greater. The degrees 
at the equator and polar circle are confiderably lefs than the 
meafured ones, conformable to the hypothefis. 

Suppofe CE, CP (fig. 1.), are the greater and lefs femi- 
axes of the ellipfoid ; G Greenwich; PGE its meridian ; PD 
the meridian of Dunkirk; and let GSA be perpendicular to 
the curve of the meridian at G ; then GA will be the fhorter 
axis of the elliptical fection which is the perpendicular to the 


at P, G, E, will be as PC 3 , GB 3 , and —— , becaufe at the point E (or equa- 

CE 


tor) die line fa drawn will become the radius of curvature itfelf, or —There- 
' CE 

fore GB 1 : - 1 n rad. curv. at G : rad. cm v. at E i: length of a deg. in the 

CE J 


lat* of G ; length of a deg. at E, the equator. Let the arc ERL be defcribed 
with the radius CE; draw CR parallel to GB, RS parallel to PC, and join CK ; 
then, by the nature of the eihpfe, CR (CE) : CK ;; GB ; half the parameter , or 

pm " 3 

thetefore CE 3 : CK 3 ;; GB 3 : _~f 60844 : 60344 (fuppofmg the hu 

CE CE 


&f the feint G to he 50° q'f), or CE (CR) : CK :i 60844]} ; 60344]! ; but 
CR i CK ;;fne SKC :fim KRC (co ht.) ; therefore, cofiu hi* = 

60344 

fine SKC; hence the angle SCK is given (50° i / 35 "!); therefore, as tang. 

SCK : tang.lat. (SCR) :: SK : SR lefferfemi-axis CP : greater CE. And putting 

*?= 57.295779, Kc. the degrees in tbe ciuular arc which is equal to the radiusjwc have 
a 

X 60344^ zr 3489932 fathoms the longer femi-axis; and 


tang, lit 

tang. SCK 


tang, lot * „ „ , 

te^'SCK x 6 ° 344 ^= 3473656? the fhorter* 


meridian 
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meridian at Greenwich, and the angle EBG will be the lati¬ 
tude of Greenwich, or 51 0 28' 40". Let HO (parallel to 
GA) be the fedtion of the parallel to that perpendicular, palling 
through Dunkirk. Then by the'Table, p. 232. (Vol. LXXX.) 
the arc GH is 152549 feet; but this arc exceeds the real dis¬ 
tance of the parallels GA, HO, not more than a fathom; 
therefore this diftance may be taken = 25424 fathoms. Now 
the fedtion s GA, HO, of the ellipfoid being limilar, from the 
known properties of the figure, we fhail get HO the Ihorter 
axis of the fedtion of the parallel = 6959396, its longer axis 
= 6979374, and HW=353iy57 fathoms, W being the point 
where HO cuts the axis PI of the ellipfoid. Hence, if D be 
Dunkirk, and the arc HD the meafured arc of the parallel, we 
have given the length of this arc, or 547058 feet (Table, p. 
232.) = 91176 fathoms, and alfo the point W in the leffer axis 
of the fedtion HO, to determine the angle HWD in the plane 
of this fedtion. But reverting the feries which exhibits the 
length of an elliptical arc in terms of the abfeifs and ordinate , 
will be of little ufe in the prefent cafe, where the arc and its 
chord are very near of the fame length : For, let HKOL (fig. 
.2.) be the fedtion of the parallel, where HO = 6959396, and 
KL» 6979374, are the axes; and HW = 3531757, as in fig. 
1.; alfo, fuppofe HS is the radius of curvature at H, or at the 
middle of HD; then, if we conceive the arc HD to be a right 
line, or deferibed with the radius HW, or with HS (349 97 °°) 
and thence determine the angle SWD from the twofides SD, 
SW, and the included angle (the fupplement of HSD); in 
cither cafe we get the angle HWD the fame, or i° 28' 44 // ,8 
to within 1". This angle being obtained, the inclination of 
the planes FHW, PDW (the planes of the meridians of 
Vol.LXXXI. Kk Green- 
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Greenwich and Dunkirk, fig. i.), or the longitude of the point 
D, will be found by the common proportion which in a right- 
angled fpherical triangle determines an angle when the legs 
are given: this will be obvious by conceiving a Iphere (of any 
magnitude) to be defcribed about W as a center. 

Hence, as rad. : cotang, angle HWD (i° 20 / 44".8) :: fins 
angle HWP (38° 31' 20") : cotang. z° zz' 26" f, the incli¬ 
nation of the planes of the meridians PH, PD, or longitude 
of Dunkirk on this ellipfoid. And as the difference of meri¬ 
dians of Paris and Dunkirk is z ! 21 ".9 (for this will not be 
materially affedted by different hypothefes) the longitude of 
Paris will be 9 m. 20} s. in time. The longitude of Dunkirk 
from Paris {2! 21 "is the mean longitude deduced at p. 223. 
(Vol. LXXX.), which Is only i".i lefs than that given in the 
Conmijfimce de$’Temps, 1788. 

The method of computing the latitude of the point D (was- 
it neceffary) is thus: as rad .: cofine DWH *: cofine HWP t 
cofine DWP; and fince the point W in the axis PW is given r 
and alfo the angle DWP in the plane of the meridian PD (by 
the foregoing proportion), the point D will be determined by 
the properties of the ellipfe; which in fadfc is nothing more 
than finding the inclination of the vertical at the point D with, 
the given line DW, which inclination added to the angle 
DWP, gives the co-latitude of the point D. And hence may 
be evinced the truth of what is advanced at p. 199. (Vol. 
LXXX.}, that if the value of an arc on a fpheroif confidered 
as an arc of a great circle perpendicular to the meridian ,, be given* 
the longitude may be found by fpherical computation , but not the 
latitude . For conceive the arc HD to be perpendicular to the 
meridian at H, then the angle HWP would be the co-latitude- 
4 of 
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of the point H; and the former proportion would give the 
longitude of D, whether the figure was a fphere or fpheroid; 
and the angle DWP (found by the latter propoition) wou’dbe 
the co-latitude of D fuppofing It a fphere, in which cale the 
point W becomes the center j but this will not hold in a 
fpheroid, becaufe DW would not be perpendicular to the meri¬ 
dian at D. 

The forgoing method of computing the longitude from the 
meafured arc of a parallel on a given eilipfoid (though evidently 
the dired one), will be tedious, efpecially when the lengths of 
the meafured arcs (GH, HD) are very considerable. But when 
the latitude of the point H is determined from the meafured arc 
GH (on the known meridian), and the extent of the other arc 
•(HD), or rather the angle HWD, is not more than two or 
three degrees, the fame conclusions, extremely near, may be 
obtained in the following manner, which is nearly the fame as 
the method ufed in computing the longitudes in the Table of 
General refults, p. 232. (VoL LXXX.). 

SuppofeG and D (fig. 1.) to be Greenwich and Dunkirk; PH, 
PD, their meridians, as before; and let IJD (inftead of its being 
a parallel to the perpendicular at Greenwich) be an arc of an 
ellipfe cutting the meridian of Greenwich at right angles, fuppofe 
in the point H. Then the arc GH being =152549 + 50 feet 
nearly (becaufe the ellipfe which paffes through D, and is at 
right angles to the meridian PG, will fall about 50 feet to the 
fouth of the point cut by the parallel), therefos e the value of 
the arc GH, or 25433 fathoms, will, on this eilipfoid, be 
zf 4".4, and confequently the angle PWH, or the co-lati¬ 
tude of IJ, is 38* 56' 2 4.^.4. Now, the radius of curvature 
of this perpendicular ellipfe at H, the extremity of its lefler 

K k 2 axis. 
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axis, will be 3499798 fathoms*, which, divided by 57.295779, 
,&C. (the degrees in the circular arc which is equal to the radius), 
*gives r 6To83 fathoms for a degree oh this ellipfe, confidered as 
a great circle peipendicular to the meridian at the point H on 
the ellipfoid; and fince the length of this arc (HD) will be 
nearly the fame as that of the parallel, or 91176 fathoms, its 
value will be i° 2/ (the arc DH, or rather the angle 

DWH). 'Hence, as rad. ; cotang. x° 29' 33 // .6 (HWD) :: fine 
38° 56'' zf-4 (HWP) : cotang. 2 0 22' 26 // .8, the longitude 
of D, or Dunkirk, the fame as before, very near; hence the 
longitude of Paris will be 2° 20' 4^.9. But the fame may be 
obtained fiom the mean diffance of the meridians of Green¬ 
wich and Paris, or 53795o feet. See p. 599. in the Appendix 
to Vol. LXXX. 

It appears from the foregoing hypothefis, that the meafured de¬ 
grees of the meridian in middle latitudes will anfwer nearly on an 
ellipfoid whofe axes are In the ratio affigned by Sir Isaac New¬ 
ton. But this will receive further confirmation from the fifth 
ellipfoid in the fecoud Table, p. 232. (Vol. LXXX.), where the 
near agreement between the computed and meafured arc of the 
meridian between Greenwich and Perpignan (differing but about 
52 fathoms in the extent of 8° 46' 44") would be fomewhat 
extraordinary, were we certain that the latitude of Perpignan 
(42 0 4/ 56 // ) is correct; but this is fufpedted by M. jde la 

y \ i ' 

* It is not neceffaiy to determine tlie axes of this ellipfe, becaufe when HW 
h perpendicular to the curve of the meridian, it will (by the nature of the figure) 
fee the radius Of curvature of/the ?rc HD at the point H. Hence, if we put 9 
for the cvtmg. and>for, latitude of the point H, and let a denote 

OK a 

the Jim of an arc whofe tmg, is ~ xw; then ~ X CE=;HW, by the properties 
«f the ellipfe*. 


f*' A TT.T It 
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Caille. See Mem. de V Acad. 1758. The computed arc, 
however, between Greenwich and Paris is 19 fathoms longer 
than the meafured aic, which anfwers to a little more than i u 
of latitude. 

The longitude of Paris on this ellipfoid is 9 m. 20^ s. 

It it be contended, that the operations at the equator and polar 
circle were as correct as thofe executed for the like purpole 
in middle latitudes ; and that a kind of mean between the ex¬ 
treme refults ought to be preferred; we fhall Hill get an ellip¬ 
foid, whofe axes are nearly as 229 to 230, by taking the 
degrees at the equator and polar circle each 70 fathoms lefs, 
and that in latitude 50° 9 § as much greater than the meafured 
ones; and the longitude of Paris will be found 9 m. 19 s. 
But the computed meridional arc between Greenwich and Paris 
will exceed the meafured one by a quantity aufwering to about 
1 1" of latitude. 

It is almofl: needlefs to obferve, that the longitude of Paris 
£9 m. 20 s.) deduced by Dr. Maskelynf from the different 
refults found by aftroncmical obfervations (Phil. Tranf. 1-87) 
agrees to lefs than half a fecond with either of the above 
determinations. 


N. B. lathe Table of General Refults, p. 232. Vol LXXX. read 18'46"for 
the longitude of Wrotbam Hill} this lliould have been corrected in the Appendix. 


• 
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XVII. On the Method of determining, from the red Probabilities 
°f L if e > the V\dues of contingent Reverfions in which Phree 
Lives are involved in the Survhorjhip, By Mr, William 
Morgan, F. R. S. 


Read May 26, 1791. 


H AVING been encouraged to the further purfuit of the 
do&rine of furvivorlhips by the very honourable man¬ 
ner in which my two former Papers on this fubjedt were 
received by the Royal Society, I think It ray duty to fubmit 
the refult of my labours to their confideration. The folutions 
of fome of the following problems might have been derived 
from thofe which I have already communicated; but the dire# 
Inveftigation. of each feparate problem being certainly more 
fatisfactory, and the rules obtained by this means in general 
more firople, I have confidered no problem as connected with 
another, except the relation between them either immediately 
arifes from the folutxon, or is neceffary to prove the truth of 
it. Being anxious to render myfelf as concife as poffible, I 
have been minute only in the inveftigation of the firft pro¬ 
blem, and have done little more than ftate the contingencies 
■which will determine the furvivorfhip in the others. By the 
affiftance, however, of thefe, and the operations which are 
detailed in my former Papers, the theorems which I have given 
may be deduced without much difficulty. 


T, 
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In order to prevent unneceffary repetitions, it may not be 
improper to begin with explaining the different lymbois which 
are ufed in the following pages. 


A, 

B, 

C, 


1 denote the value of an annuity on the refpective lives 
| of A, B, or C. 


D, denotes the value of S on the contingency of C’s fur- 
viving A ^by my 2d prob. Vol. LXXVIII). 

E, denotes the fame value on the contingency of B’s fur- 
viving A, found by the fame problem. 

F, denotes the value of an annuity on a life one year younger 
than B. 

G, denotes the value of the abfolute reveifion of S after the 
death of A. 

H, denotes the value of an annuity on a life one year younger 
than A. 

K, denotes the value of an annuity on a life one year younger 
than C. 

L, denotes the value of an annuity on the longeft of the 
three lives of A, B* and C. 

M, denotes the value of S by the firft problem on the con¬ 
tingency that A’s life fliall be the jirji that tails. 

N, denotes the value of an annuity on a life one year older 
than A. 

P, denotes the value of an annuity on a life one year older 
than B. 

R, denotes the value of S on the contingency of B’s dying 
after A (by my 3d prob. Vol. LXXVIII). 

S, denotes the given fum. 

T, denotes the value of an annuity on a life one year older 
than C. 


V, denotes. 
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V, denotes the perpetuity. 

W, denotes the value of S on the contingency of C's dying 
after A (by my 3d prob. Vol. LXX VIII). 

a and a denote the number of perfons living in a table of 
obfervations at the ages of H and A. 

j, /, u, w, See. denote the number of perfons living at the 
end of the ift, 2d, 3d, &c. years from the age of A. 

and by denote the number of perfons living at the ages of 
F and B. 

j m, n, Oy p, &c. denote the number of perfons living at the 
end of the ift, 2d, 3d, &c. years from the age of B, 

x and c denote the number of perfons living at the ages of 
K and C. 

iy e, ft gy &c. denote the number of perfons living at the 
end of the tfl, 2d, 3d, &c. years from the age of C. 

a', a"y a ,!/ y &c. denote the decrements of life at the end 
b\ b'". See. \ of the ift, 2d, 3d, &c. years from the 

c'y c" y c"'y See. J refpe&ive ages of A, B, and C. 
r, denotes the value of f. 1 increafed by its intereft for a 
year. 

The combinations of two or three of the feveral letters A, 
B, C, F, H, See. denote the values of annuities on the joint 
continuance of two or three of thole refpedtive lives. 

problem 1. 

To determine the value of a given fum, payable if A fhould 
be the ftf that fails of the three lives A, B, and C. 

SOLUTION. 

In order to receive the given fum in the firft year, it is 
Becefiary that one or other of four events fhould happen, ift, 

• That' 
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That ail the three lives (hould fail, and that A fliould die firft. 
adly, That B {hould die after A, and C live, jdly, That C 
ihould die after A, and B live. 4thly, That A only {hould 
die, and B and C both live. Thefe feveral contingencies being 

exprefied by- 7 -, --, and —~ 

£ J 3 abc 7 •Xabc aabc 7 abc f 


refpedtively, their fura will b'e=4 x —+ I n 

the fecond and following years, one or other of the fa me. events 
muft take place in order to receive the given fum ; that is, they 
muft either all three die, A dying firfh ; or only A and B muft 
die, A dying firft; or only A and C muft die, A dying firft; 
or only A mufl: die, and B arid 'C both live. The different 
fractions exprefling thofe four contingencies for the fecond year 

bemg- - -, - —r , - ~r-~ , and ; for 


a fi . m—n . d—e a tr . m—n . e a n * . a — e . n 


» aud * «* 


r r* t a 1 * 1 »n—-a* e—f • n—o *f a rf * t — * .n a m . of 

the third ycsr-, ■ 7—* • hoq :—« 

^ 2 . tat/c' abc 1 

and fo on, the whole value of the given fum will be = 

S * a f be . md me. , ^ . S . ct r md ne nd me S , a f * 

__ x —r —- + -T- Tyi—7—r x -h ~ + t~‘ + — + —?—r x 

3366 3360 ab:t i 

ne t of t ce , «/ , <? *• 1 S tf'&r . a n 'md a iU *en 

- +- + &c* which are = — r x — +—— 4-7—+&c.+ 

j 3 6 6 3 #^ r r M 

J_ x ^ + f^ + Cli! + &c. + A+ ^+ & C - 

j_ l-x a —+ - -j- &cc. From the demonftration of 

T 30 k r r 1 r* 

the problem in my laft Paper * it appears, that the firft of 

thefe feries is — - x — A * - £ --— - x BC — ABC; that the fe« 

a be 3J* 

cond feries is = g x —*— -— x- - -; thit the 

* See Phil, Tranf. Vot LXXIX. 

L 1 


Vol. LXXX 1 , 


third 
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third feries | * S -I£zMS-» x L2E=™ ; andthatthe 

fourth feries i. = | * BC^ABC - | x Thefe 6- 

veral expreffious being added together will be found =S into 
x ..iTigAFK , BK-ABK g x Fc^AFC+EI x BU- ABC 

- x —t r a T 6 h v 


m.PCTAPC d .. Br-ABF , « . PT-AP r 

...— — —’ ~ i * 

6 hr yr 2 * 

This theorem gives the exadt value when either B or C are 
,the oldeft of the three lives; but when A is the oldeft, it will 

be neceffary to exchange the fymbols a', a‘\ a", &c. for 

ZZTs JZJ, t — u* &c. and the fymbols m, n> o. Sec. for 

c _ c > 'JZ 7 ^ = +P, c — c , \J / -\-c ,/ \ See. In this cafe the value 

s 

of the given fum, for the fir ft year will be found = —into 

_*" - ab f- + h 4- — + — ; for the fecond yearrr 

~ 226633 J 

S - true trite ntc «tc me" mtc" me" ntc" me', mtc' 
eba 1 22220 0 3 3 2 2 

„ f J „ , t - 1 S . ntc mtc , etc , cue ntc'" , 

4-Zi : for the third year = -r — 3 into-b — + —- j~ d- 

2 ‘ 2 tfto - 2 2 2 2 O 


a/c'" tf __ ni * c f nu . c , *tc / ' 

__ 3 2 2 


' + *" • f' + e" 

:—*— Tr 


^ ^ ^ 

and fo on for the remaining years of A’s life. Hence the 
whole value of the given fum will be = -^ x — + + &c. 


i.‘+?+: + fc. + 

2ai r r f 3 


A x“+”+*4+ &c. 

2i2^ r r 2 


+ &C. - 


+ + &C. 


miiZ+z: + &c, + jl * ^+444^ + &c. +4- x 
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2 Si 


Si'+ —it£ + sc.-i«2’ + ^ + i^+fc.—x 

r * r % ybc r ^ r % r 3 


”^ + '^±£ + &c. +-i-x^: + 2 ^ + ^'+ &c. x 4 - X 


ybc r 


Zabcr 


nt + €* m . 


-See.. . . The fir ft four feries are refpedtively = 


olB * KF / i “f* AB \ 0 • AF , a , H8 A IB mi jc f ,t &, /• 

—-— (or —— )-— +-... The firft term of 

2 ab x %r / zb za z 

the fifth feries, or —, is = ~ x ~ _ ~: C ~S the fecond term 

7 r abr ag age 



ms/' 

* * . 


or 

r~ 

1S = 

ah x 


ntc" 

m 

a$ 

or 

t* * 

1S = 

abA 


.age 


. . . the third term. 


** X 4 _ . Therefore 

ag age r* 


thefumof the fifth and fi'xth feries Is = - 


ag , HF — HFC / msc 1 


6 ab 


( msc * 
l ybcr z 


%abcf 


—= ABC. In the fame manner the' 

v 3 J y 


feventh feries may be found ~ ^ x AF — AFC - 


mtS 

6 abcr z 


■ See .; and confequently the fum of the feventh and 


mi * c +c /J 
baber* 

eighth feries is = ——gj*-+ -—the ninth ana 

.HB-HBC/ nsf jut . 7T7 7 
\ ~~ 6abcr zmmm bakr 3 


tenth feries may be found: 


3 * 


■ fcc. sr) — ” - - -- -; and the eleventh and twelfth or two 

* ofrr 

... AB-CaSC/'— .*?#/- uo•/+(?.* . <?__ %., ■«$ •F’N—PNC 


laft feries. 


V - r Wfe'- ; UO.C’+C” , _T , 

'( + 6 akr s + Hricr* + & + 


6 abr 


If all thefe hxpreffions be added together, we fhall have the 

Value of the given fum * S into x * ’ ^ ° - AF + fAFC 

L 1 2 + 
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u a-i-B-f -HdC 


+ 6 X 


AB + 2ABC + -1 
3 


i * D\ — E\C 


■ AB-ABC 


„ ^ iL PN z TNC_ A P-APC 

^ but a 


It may be obftived, that the firff four feries are alfo = E,. 
and therefore if this value be fubftituted injftead of ~&c. 


the gener 


al rule will become = E +-S hr to - — x HB — BBC • 


rrFi-rnTT-, , t-i . AB-ABC & . AF —AtC m . AP-APC . J 

x Ho — rlfC-i---+- 7 -7-7- 4 - — 

S’ T 6 a bbr r gsr 

x BN - BNL -t-E x PN — PNC.Suppofing the three 

m 

lives to be equal, the firft of thefe rules will become=~E£ _ 
xx . kk-CkK i k.CK-CCK , i.CT-CCT 

--7--— X t_C — CCCj —-r—— ---- — 

o tc 2 r ter 

cgrpcc u frTcrf an(J lhe ^ _ ELJ Egg + 

6 6 . tc. r 2 ' ~ 

r-I "CC CCC x . GK -CCK x« . KK — CCK J . CT —CC i' 

3 > - t>L 6 cc 6 cr "h 

__ rp ^ 

.— ^ --: and alfo the rule denoting the value (when 

either B or C are the eldeft of the three lives) will become = 

r ~' c y :,V 7 ,4 CK. - CCK. +-s- X KK~rclK- i x 

CT-CCT id * .. "'' *"" A-v ' r sr~r'rr-\ T< . , 1 * i n • - - - 


- y - ~ x i T - CT T. Let this laft exp reffion be called 

Q and compared with the firft of the preceding expreffions. Ia 

this cafe we ftall have - ff+ aCC 9 _ S£=ccc _ Q 

_ _ 2r » $r 2 ~ 

^zS£S = Q f f rom w bich q mZ y he ea £]y f oun d=: 

$ V—C€C 

2 x -—-* Again, let the fame expreffion, denoted* 
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be compared with the fecond of the preceding expref- 

fions, and we (hall then have 1 _T - x ~ cc Q 


:Q, and confequentlv Q= Sx- 


~i ■ V - 
3 f 


2 

il.CC 


+ ■ 


1 . CC-CCC 


as before * 


Now it is well known, that when the lives are all equal, the 
value of the reverhon muft be one third the difference between 
the perpetuity and the three joint lives, and therefore a demon- 
ftration arifes of the truth of the whole folution. As a ffill 
further proof of this, the foregoing theorem may be imme¬ 
diately deduced from the feries themfelves: thus, the value of the 

s . 


given fum for the fxrffc year will in this cafe be 

S 


3 (i 


for 


the fecond year it will be 

s. 




for the third year it will be 




. Hence the value of the whole reverfion will be=r 


s 


I d 3 
- X - 
5 r c*r 


- & c . 4. 

^ 3 


5 x£. + JL+f 

^^2 • j * ^ 3^.4 


+ &c# zz - 


i -CCC 4 

t 


ccc 


s w r -1 .V—CCC 
«— X . . . . - . ■ .. .» . r 


Q. E. D* 


PROBLEM II. 

To determine the value of a given fum, payable if A ftiould 
be the fecond that fails of the three lives A,. B, and C. 

SOLUTION, 

The fum S may be received in the firfl: year, provided either 

* This expreffion may aifo be obtained from either of the above general rules, 
independent of the two others, is like manner at in the folbtion of the fourth 
problem, 

jf o£ 
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of three events Ihould happen; ift, if the three lives Ihould 
become extinft, and A be the fecond that fails; 2dly, if A 
ftiould die after B, and C live; and, ^dly, if A Ihould die 
after C, and B live. But in the fecond and following years, 
the given fum may be received, provided either of feven events 
Ihould happen, ift, If the three lives Ihould fail in the year, 
A’s life having been the fecond that failed. 2dly, If A only 
Ihould die in the year, B having died before the beginning and 
C lived to the end of it. 3dly, If A only Ihould die in the 
year, C having died before the beginning and B lived to the 
end of it. 4thly, If A Ihould die after B in the year and C 
live, jthly, If A Ihould die after C in the year and B live. 
6thly, if A and C Ihould both die in the year (A dying fir ft) 
and B’s life Ihould have failed in one or other of the foregoing 
years; and, ythly, if A and B Ihould both die in the year (A 
dying firft) and C’s life Ihould have failed in the foregoing 
years. From the feverai expreffions denoting thefe contin¬ 
gencies the whole value of the reverfion may be found= 


lac 

S 

nab 
2 -S 
3 abc 
S 

lahc 


a'c , a"d 

///_ 

^ - - 

r 3 

■J* &C* 

db t a n m 

a n 

•f &c. 

» z 

r r 

» a 

r i 

a'be a"md 

r r* 

*» 

i 

i =- 

r s 

4- &c. 

dmc a ,r na 

, a'"oe 

+ &c. 

r * r 2 

* r s 


-+ - + 

2 ac r r 


nab 


_////■ 

*+-r + &c. + 


3 obc 
S 

2abc 


- + &££. 


ofbd 


// 
a me 


, a” nf „ 

+ —+ &C. 


The two firft of thefe ferles are = D, .. the two next = E ... 
and it ippears from the Folution of the preceding problem that 
the four remaining feries exprefs double the value of the fum 
S, on the contingency of A’s dying firft (when B 

or C are the otdeft of the three lives) with a negative fign. 

The 
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The general rule, therefore, in this cafe will become = D-f 
E - 2M. 

But when A is the oldeft life, recourfe nutft be had, as 
in the fecond part of the preceding problem, to different fym~ 
bols, and the value of the reverfion will then be found = 


ab 


ab , ms . ni , Q . S ^ bs _ mt , nu & 

’ ~ + - + — + &Ce + +-^ + -i+&C. + 


3^4 > r 3 ^ 


+ &c. _±.x^ + ^' + ^ 


yibc 


+ &c. + 


_0S x ™/ + ^ + ! ^ : c. 

ga&c r t r s 


aS ^ w#' w/c" 0#/'' 

r r s / 3 




+ &c. + 


S . me' , nt . c' + * ' . 0 _ S w ntic' nu . c' -f1 ' 


X - + 

w r 


4- &C. — — X 

aoc 


+ &CC . +■ 


s HJ*' 
r 


0/ . </+ " 


+ &C. - ± x S^' + !^±^ 
abc / / “ 


+ &c. 4- 


S a—s.b . s—t.m , t — u.n , 9 __ , S a— 

X-!-r-1-5-1-&C.4-— * —--+ —pr-+ &C.+ 


2 ab 


2 ** ' 5 




nac 

&c. 


s x »» + "+“+&c. + ix'-+“+4 + &c. Thelaft 

r / ? 3 ab r ? r* 


y — i 2 * ? nr i » 

ah r t ) 5 ab 

two, and the firft ten feries are = — 2M, the eleventh and 
twelfth fefies aree=D, and the thirteenth and fourteenth feries 
=E; confequently the general rule becomes =: D +E — 2M, as 
before. 

Suppofing the lives were all equal, the above expreffion would 

s 


be 


S.r— I . V—GC _g.S 
r y 


X T • 


i . V - ccc 


r- 1 

- x- x 

3 r 


V — 3CC — 2CCC, which is known from other principles * to be 
the true value, and therefore the inveftigation is right. As a 
further demonftration, however, it may not Se improper to 


* See Phil. Tranf. VoL LXXIX. 


obferve. 
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obferve, that this rule is immediately obtained from the dif¬ 
ferent fractions which exprefs the federal contingencies in each 
year. For in this cafe, the value of S for the firft year becomes 

S 1 I dd r 4.1 r j S dd ts 2 d 0 

= — x-— for the lecond yearzr: — x--r + — 

r 3 cc £ y “ r~ cc cc o t 

and fo on for the other years. Thefe feries being added 

together will be found = — x — 

B 3 r 


2d 2 


, 2e* „ 

+ -3—- -f dCC. - 




$ 

— X *-J- 

2 t*cr «* r z 


3 ™ 


■f &c. +- X J 5 L 
jr rcr cc . r 


* r 

S 


o 5 ^ * • -or5 

+ &c. — x -f_ + Jh_ 

3 r . J .r s 


+ &c. = ® X — K V-3CC-2CCC_Q. E. D. 


PROBLEM III. 

To determine the value of a given fum payable on the 
death of A, if his life ftiould be the laft that fails of the three 
lives A, B, C. 

SOLUTION. 

The given fum can be received in the firft year only-upon 
the extinction of the three lives, A having died laft. In the 
feeond and following years it may be received provided either 
of four events ftiould happen; ift, if all the three lives ftiould 
fail in: the year, A dying laft; 2dly, if A ftiould die after C in 
the year, B having died in either of the foregoing years; 
3dly, if A ftiould die after B in the year, C having died in 
either of the foregoing years j 4thly, 'if only A ftiould die in 
the year, B and C having both died before the beginning of it. 
The value therefore of the reverfion (when B or C are older 

than' 
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than A)will be®* — x a - + a —±&c. + 


S y atjC J r af * mf} a * ffi& 


* . S d mi d'ne a uf of q S a me . d'~d a m ae 

4* &c. 4- — x —4- —+ &c. + — X—4—— 4— 

3 ubc t r- ? 3 Otf&r r r* r 3 

~ I , S dbd d f me d n nf s S dc . a f, d a ttf e x Q 

4-&c.4- j-r- x —• 4—r-4- —j- 4-&C. X-4-- +—+ &c. 


. S dd d f e d '/ « S db <z"*w o 

- X - i- — r 4 —t- 4- &C. - — x — 4— r 4— — 4- &C. - 

2 at r r r s 2 ab r r r 5 

. x — 4 - — 4- a -4 4- &c. =G + M-*D+E. 

r r 1, r i 

When the life of A is the deleft of the three lives, the fym- 
bols being changed as in the two preceding problems, the value 

of the reverfion will become — - ~ x — 4 -^- 4 - 4 - &c. - 


S abd , met* . ntd ff c 

7t x 4 ~ 4" —?“ 4" See, ■ 

babe r r~ ? s 


s w «^+£ + &c. + -L + &c. + 

2 aber r r babe r r r* 

J_ x ^Lid 4- din 4- &c. —%- x 4-—4- &c. - 


r r* 

$ 77? . / f vt . c'-rt 

X -+ -- 5 - 

2 abtr r r 


3 abc r r z 


7 , d S t nt + C f/ . CU . d , a 

- + &cc.+ — x -b——4-—— 4-&c. 4 - 

3 abc r r~ r z 


2a$>»r t d 2, 2ac r r r* 

I S s—t.c' t — U . c‘ + c" a 

4- &C. 4 - x -+-w-b & c * 

acr r r~ 

By the fecond part of the folution of the firft problem, the 
firft eight feries may be found = M - E; and the laft two 

feries being eafily relblved into — x —— 4- — -4-__^ 4-&C. — 

4- x -Tig 4. F 7 • qS" + &C.~— xZZL^+’-l ^-S 

Zac r r Zac r r 

4-&c. are = G - D. Hence the general rule, as in the former 
cafe, becomes = G 4- M — D 4 - E. 

Vol. LXXXL 


M m 


When 
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When the lives are all equal, the above ex predion will he: 

, , . S - ===rrv~CCC s 

changed into - xr —ix V — L q--- — 


CC: 


t - i 


x V or 44 one-third the value of the abfolute reverfnn rfur 
3 

«* the extindion of the longed: of the three lives.” Tnis is 
knowu from felf-evident piincinles to be the tiue value, and 
therefore the foregoing folution is cot reel. The fame rule my 
alfo be obtained immediately from the feries; for the value in 

this cafe for the fir 11 year will be = - x i — - J r — — — Hr 

J jr % l cc 


the fecond year= 4 ; — — + — — -, and fo on for 

« r 3 * cc c u c 

the remaining years. Hence the whole value of the reverfion 


will be: 


:i x L+- x - 
y 3 r 


• L = 




.. . Q^E. D. 


PROBLEM IV. 

To determine the value of a given fum payable on the ex* 
tindion of the lives of A and B, fhould they be the jiijl that 
fail of the three lives A, B, and C. 

& o l u t i o>n. 

The given fum may be received in the firft year, either on 
the extindion of the three lives, C having died laid; or on 
the extindion of only the two lives A and B, C having Sur¬ 
vived the year. In the fecond and following years the given 
fum may be received, provided either of fix events fhould 
happen, iff. If the three lives fhould become extind in the 
year, C having, been the laft that failed, xdly, If A only 

fhould 
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fhould die in the year, B having died before the beginning, and 
C Jived to the end of it. ^dly, If B only fhould die in the 
year, A having died before the beginning, and C lived to the 
end of it, 4 thiy, If A and B fhould both die in the year, 
and C furvive it. ythly. If C fhould die after A in the 
year, B having died in either of the foregoing years. 6thly, 
if C fhould die after B in the year, A having died in either 
of the foregoing years. The fra&ions denoting thefe fe- 
veral contingencies being added together will be found — 



*f" &c. -f* 


a" . d 


+ ‘ 


2 ac r r~ 


&C. — 


S # of b: d'rnd 

babe * r r ' 1 


r* 


Hh &C* 


?n 


/.< 


ne . a* 4- a r 


2 obc r 


+ &C« 


8 , a'me , d T nd % a f{ *oe . S nd , a oe . d a 1 * 


X —+ 


+ &c. - 


2 iber X r r 1 


■f* &C» -t- 


S x £M ^.- yy &c S x +£ &c _ 

m be r 1 Zabcr r r* 


babe 

+ &c_|_ x ^V^-p2+& c. 

$ain r r 1 > l Q,uicr r r z 1 

The firft two feries are = D; the third and fourth feries are=s 

Jx^-x^v..-^ 

* . BK — A.BK m.Y C-APC 


x BC — ABC jh ; the fifth and fixth feries are = 

5 * ac 

the feventh and eighth feries 


. fc— afc ^rfj_BT _ABT , an( j t j ie and tenth feries 


bb 


3 cr 


md. ft—av r _ Hence the whole value of the 

a i ... . n " 


6 Ur 


S * B 


reverfion will be = D - ^ x + BK - ABKL + -^ 


fCTAFC-ii^ixBC-ABC-l^xPC-APC+^x 


BT-ABT + 


, , tn . PT—APT 


2 i 


The 


Mm2 
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The preceding theorem ex,prelies the value of the given, 
fum whether C be the oldeft, or B one of the two lives to be 
furvived, and will therefore be fufficient in all cafes. In order, 
however, ftill more fully to prove this, let A be fuppoied the 
oldeft life, and in Head of b - m, 7 n~n, n-o, &c. and a', a'\ 
a"', &c. let b', b'\ b'", &c. and g-s, s -t, t-u, &o. be- 
fubilituted; then will the value of the reverfion be founds* 


%bc 

3 

babe 

S 

3 ak ' 

S 

bah 

gS 

Qahc 


A + 

dr 

eb‘" 

+ 

Xrr* 

4- 

s 

x . 


ih ft 

dTiti" 
+ - A 

+ 

&C. 
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,3 

vX. w* 
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2^ 

r 

7 * 

T ,3 


*-T* 

r 

itV* , 

-f 

r 
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+ 

&c. 

+ 

JLx 

zMr 

. 

■- T 

r 

*/ . 

f'+7" 

r“ 

+ 

&C. — 

.«y . 


tub”' 


f&c 


s 

V 


eu * 


+ 

&c. »4® 

— *r 
r 

—+ 

r 3 

*r 



Zabcr 
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r a 


-- r 

r 

-p-T 
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A 

+ 

&c. 

+ 

S ^ , 

2 «£cr r 

A 

, b'+t>" 
r 2 

+ 
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«. tr 


tf/f 

9crr* 
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. b’ 

j A -d 

f +b’ 

7 

* /Jrfw 

—, -j- 
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r % 

i- 

) 

>3 
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Zabcr 
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r 
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ap OCL» 


Let S denote the value of S on the contingency of C’s fur- 
viving B, and the general rule deduced from the preceding 

feries will become = 1 


S # * « UK. — HBK . 11 V" V" a o t/~ 

X-—-+ Hh 


2 a 


x HC - HBC - X AC - AAC - x NC — MBC+ 


S . d TTfr~ —TTpr? i 5 * NT —NBT 

— X ol -AAi d-—-, which appears to he exa&ly 

the fame rule with the foregoing, if the fymbols of A and B 
he only exchanged for each other. 

If the three lives be of the fame age, both thofe rules will 

federally beepnje = S into — x V - CC ~ — x KK-CKK — 

h X CK-eCK-^hAi x CC - CCC CT-.CCT+— x 

TT — 


a 
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TT —CTT. The two expreffions - —■ ; , K ^~ c:Kk - 4. _jL x 

r t.c bcr 

CT — CCT, by refolving them into their refpeclive feries, will 

be + + &c., and the two 

zr d* - TT-CiT * „ -rW CC d 

expreffions - .—- -T x CK " CCk = — 

+ r^—. + ! hence the fum of thefe four expref- 

facer* but* bar 4 r 

" r 1 . Tr y (7*0 

lions will be = — — - ——» and confequently the general rule 

in this cafe will be = X V — 3CC — 2 CCC, which is 

3 r 

known to denote the true value from other principles *. 

As a further proof of the accuracy of the preceding invefti- 
gation, it may not be improper to obferve, that this rule may 
be immediately obtained from the different fractions which 
exprefs the value of the given fum in each year. For in this 

cafe the value of S in the firft year is = — x - — — + in 

the lecond year =-x-h --f 3 ^ and fo on in the 

other years, which expreffions may be eafily found = 

x vZ 3 ccf~Tccc. Q.E.D. 

PROBLEM V. 

To find the value of a given fum, payable on the death of 
A, if his life fhould be the Jirji or Jecond that fails of the three 
lives A, B, and C. 

* See my Paper in the Phil. Tranf, VoL LXXIX. 

SOL U- 
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s o l u T ION. 


la th3 a.ft >;ar tlie payment of the given fmn depends 
upon either of four events, ift, That all the three lives (hill 
become extind, the life of A having been the firft or lecond 
that failed, adlv, That A and B (hall both uie, and C live to 
the end of the year, ^dly. That A and C {ball both die, and 
B live to the end of the year. 4thly, That only A {hall die, 
and B and C both live to the end of the year. In the fecond 
and following years the payment of the given fum will depend 
upon either of eight events happening, ift, That all the 
three lives {hall drop in the year, A having been the firft or 
lecond that failed, adly, That C furvives, and only A and B 
die in the year. 3dly, That B furvives, and only A and C 
die in the year. 4thly, That both B and C furvive, and A only 
dies in the year. 5thly, That A dies in the year, B having 
died before the beginning, and C lived to the end of it. 6thly, 
That A in like manner dies in the year, C having died before 
the beginning, and B lived to the end of it. y thly, That C dies 
after A in the year, B’s life having failed ineither of the preced¬ 
ing years. 8thly, That B dies after A in the year, C’s life having 
failedineitherof theprecedingyears. The fractions denoting thefe 


feveral contingencies are = 
s 


a c 
r 


a" . d 


*•{“ &C« -f* 


%ac 


CL d £L l 

X —+ - 


+ &c. + Ax^-V 

r 5 lab r 


+ ~ + &c. + 


S a*m . a if n 

*—- X- b — 

tab r r 


+ tJ + &C. ~~ -4 X 

r 3 r 


a be _ a lf md 


+ • 


+ &c. 


d me 


a"nd 


6 abc' 


&c - 


S u bet 

X — + 


6 abc 


, fl"V . e 
+ - 4 - + &c. 


s ^ +£ y +& c. = D+E-M. 

%abc r r r* 


This 
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Tilts general rule gives the true value whether the life of A 
Be older or younger than both or either of the lives of B and 
C, When the three lives an of equal age, the value of S for 

the firft vear will be= - x - +— —, for the fecond vear = 

" 1 3 1 3 cc 

- x —-t + —s an< ^ & on f° r other years. Hence 

r Z CC cc 

the whole value in this cafe will be = —- X 2 V — qCC — CCCL 

y „ r 

which expreffion may alfo be derived from the general rule juft 
given above, or D + E - M. 

The folution of this problem may alfo be obtained either 
from the firft and fecond, or from the third problems. In the 
one cafe the value of S is evidently equal to the Jim of the 
two values determined by the two firft-mentioned problems, 
or D + E — 2M + M = D + E - M. And in the other cafe its 
value is equal to the difference between the abfolute value of 
the reverfion after A ( = G) and its value depending upon the 
contingency that A fhall be the Lift life that (hall fail, which 
being = G + M — JJ + is by the third problem, it follows, that 
the general rule on this fuppofition will be alfo — D-f-E — M~ 
QJS. D. 


PROBLEM VI* 

** 

To find the value of a given fum payable on the death of A r 
fhould his life be the fcond or third that {hall fail of the three 
lives A, B, and C. 


SOLUTION. 


The payment of the given fum in the firft year will dtepend; 
epon the contingency of either of three events, ift, That 
7 all. 
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all the three lives fhall becoir.e extinct, A having been the fe- 
cond or third that has failed, sdly, That A fhall die after 
B, and C live to the end of the year, ^dly, That A fhall die 
after C, and B live to the end of the year. In the fecond and 
following years the given fum will become payable, provided 
either of eight events fhould happen, ift, If all the three 
lives fhould fail in the year, A having been the fecond 
or third that died, zdly, If A fhould die after B in the 
year, and C live to the end of it. jdly, If A fhould 
die after C .in the year, and B live to the end of it. 4thly, If 
A and C fhould both die in the year, B having died before the 
beginning of it. 5 thly, If A and B fhould both die in the 
year, C having died before the beginning of it. 6thly, If A 
only fhould die in the year, the lives of B and C having be¬ 
come extinft in either of the preceding years. 7thly, If A 
fhould die in the year, B having died before the beginning, and 
C lived to the end of it. 5thly, if A fhould die in the year, 
C having died before the beginning, and B lived to the end of 
it. Hence the whole value of the reverfion will be found = 


5 a s a” a!'* % S a he a ,r md 

- X - +-T+-T + &C. - — r X-+— +-J 

a r r t z %abc r r z r 5 


s ..‘>'-+"+^5+ See. -A-x^+^+^r+icc. 


babe 


X 


babe 


///„„, 

7 * 


4. x“— +^+ry+&c.=G - m. 

3 J?U r r z r* ^ 

This rule is corre& in all cafes ; bqt when the three lives 


are equal it becomes more Simple, and is = - x 

zY - ji, — CCC ; which expreffion may likewife be obtained 
immediately from the feries given above. 

The folution of this problem, like that of the foregoing 
<oae, may aifo be derived from the firft three problems; for the 

value 



Survivor/hips, 26$ 

value of S is either equal to the difference between the abfolute 
value of the reverficn after the death of A and its value de¬ 
pending on the contingency that A fhail be the firjl that fails 
(found by Prob. 1.), or it is equal to the fu.n of the two values 
depending on the contingencies that A fhall be the fecond or 
third that fails (found by Prob. 2. and 3.). In both cafes the 
general rule is — G — M. Q. E. D. 

problem vi r. 

To find the value of a given fum payable on the death of A, 
fliould his life be the jirji or lajl that fails of the three lives 

a, b, a 

SOLUTION. 

In order to receive the given fum in the firft year, it is necef- 
fary that either of four events fliould happen, ifl, That all 
the three lives fliould fail, A having been the fir ft or third that 
died, adly. That B fliould die after A, and C live, 3dly, 
That C fliould die after A, and B live. 4thly, That A only 
fliould die, and B and C both live. In the fecond and follow¬ 
ing years the given fum may be received, provided either of 
feven events fliould happen, ift. If the three lives fliould 
fail, A having been the firft or laft that died. 2dly, if B 
fliould die after A in the year, and C live to the end of it. 
^dly. If C fliould die after A in the year, and B live to the 
end of it. 4-thIy, If A only fliould die 3 a the year, and B and 
C both live to the end of it. 5thly, If A’s life fliould fail 
after that of B in the year, C’s life having failed before the be¬ 
ginning of it. 6thly, If A fliould fail after C in the year, 
B having failed before the beginning of it. 7thly, If A only 
Vdi« JUXXXI. N n fliould 
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fhould die in the year, B and C having died in either of the 
preceding years. From the fradtions denoting thefe feveral 
contingencies the whole value of the reverfion will be found = 


§. xA + *: 

a r r~ 


± x !l + ^ + ^+ &c. 

2 ac r 1 i 5 


r 4 - &c.-- X 

3 2 GC 


_s ' 

2ah ' 


S dm . d*n 
—- X — + —+ 

2 ah r r~ r 


r + &c ' + 


. dc 
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r~ 

4 - a " 1 

4 - &C. 

db 

1 d r m 


4 - &c. 

r 

& 

? 3 

d be 

d'md 


4- &c. 

r 

* r % . 

r 3 


S v a me F ( a' f oe 

X-r —-— "i-r—* * 


3 ahc 


s | S 'b i . a'me . a'"r,f 9 

&c. + — r X —+— t-+-~ + &c. + 

q *£<: r r r 3 


2S 

Qabc r 


a ne a 
~ + > 


/ 


+ &c. = G-D + E+ 2M. 


This general theorem will give the exadt value in all cafes; 
but when the lives are equal, it is rendered more IImpie, by 
fubftituting the feveral values of G, D, E, and M, and will 


then become = — ~ - x 2 V- 3C—3CC+2CCC j which expref- 

fion may alfo Be derived in this particular cafe from the dif¬ 
ferent feries denoting the value of S in each year. 

The folution of this, like thofe of the two preceding pro¬ 
blems, may like wife be obtained by the affiflance of the firfl 
three problems. For the value of this contingent reverfion is 
either equal to the fum of the two values of S payable on' the 
death of A, if his life fhould be the firfi, or if it fhonld be 
the laft that fails (found by Prob. i. and 3.), or it is equal to, 
the difference between the value of the abfolute reverfion after 
A’s death, and the value of the contingent reverfion after A’s 
death, provided he fhould be the fecond that fails of the three 
lives (found by Prob. 2.). In both cafes the general rule be¬ 
comes = G — D + JS + 2M. Q. E, D. 
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PROBLEM VIII. 

To find the value of a given fum payable on the dea f h of 
A or B, fhould either of them be the jirjl that (hall fail of the 
three lives A, B, and C. 


SOLUTION. 

In each year the payment of the given fum will depend upon 
either of fix events, ifl, If the three lives /hould fail in the 
year, A or B having died firft. 2dly, if A and B fhould die in 
the year, and A live, ^dly, If C fhould die after A in the 
year, and B live. 4thly, If C fhould die aftei B in the year, 
and A live. jthly, If A only fhould die in the year, 
and B and C both live. 6thly, If B only fhould die in the 
year, and A and C both live. The fractions denoting thefe 

feveral contingencies are 


be i . m i ' a 

- x —4 --— 

3 ubc ? 1 


iX-C* 


S v mca f n£a ,f oea!" f Q , S baa 

X-+ —+ — + &C. 4 -—rX- 


mea 


nf 


6 dbc 

S mdd , ned‘ 

rr x — + — 

babe a r 


\ah 


&C. + 


.•if+&C.+4 x— 

t * 2 be r 


m — n*d 


+ 


-a . e 




a 5 b—m*d 

&C. + — X- 

2 k r 


m~n*e x n — o.f 


-See. ■ 


S . . bad ^ md.d + a* f 


. X 
%abc r 


, . S m a 

+ &C ‘+ 55 I X ~ 


r,d . a 4- / 


-&c. • 


s w/ 

— X-- 

%abc r 


me . a* «f a!' 


-&c. 


S tnd . 0' 

•"!“** “ x * 


ne , tt + * 


laac 


O a • .. * fK —AFK , 

+ &c. = S into - X- - b -h 
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BT - ABT 4--- -^ - - +2 (X denoting the value of S on 

the contingency of C’s furviving B, as in Prob. 4.) 

* "NF n n>. 


The 
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The above rule gives the exa& value when C is the oldeftr 
of the three lives. But if A be the deleft, the fymbols 
muft be changed as in fome of the foregoing problems, 
and the value in this cafe will be exprefled by the feries 

*L + + + . &c. S 

/yhj* •y v“ v* 


^abc 
S s hsc* mic 

babe r r % 


jt 


nuc 


K amc f , nsc tr otc ,n Q 
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babe r ? r 3 

msc' , me" t QUi t// 


i 2 ^ ° . rne out' B 0 
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h -+™+4+ &c. _4x^+4 + ji + &c. - 

ab r r r* ab r r r* 


S abc f m$ * Q S ttz/c' * /+<:" 0 „ 

X — +- ££— + &c. + — X —+ - £?— 4. &c. From. 

abc r r abc r r~ 

thefe feveral feries, the general rule expreffing the value 
of the reversion will be found = S into ~ l : v ~ AB —L x 


3 a 


0 . HF-HFC , HB-HBC $ . AF —AFC , 2 . r-i . AB—ABC 
----. + --- u -- + ---- + 


3 r 


m. ■ AP- APC S ^ BN — BNC m . PN-PNC 
bbr $ar 2 ‘ ~b ‘ 

When the lives are all equal, the firft rule becomes 
r ~ , y-CC | 2 .~7 . CC-CCC ^ ** . KK-CKK , * . CK-CCK 
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bit 
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d. CT—CCT dd, IT-CTT , , r , , 7^7 V-CO 

- 6 7 r - beer —~ s anc * ^ econ ^ rule =-——— 
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r ” ■ - 3 K ' s c + ~ 3 ^ f 

^' n_U1 - In the one cafe the four laft fra&ions are — 


3 ccr 
r —I . V—CC 


and in the other cafe thofe fra&ons are= —; 
r—~i • V—CC ' a 

- therefore, in both. Gafts the general rule becomes 
xV-CCC, which is known to. be the true value 


6 r 
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from felf-evident principles. This expreffion may alfo be 
immediately derived from the different fractions which denote 
the value of S in each year. For in the firft year thefe fra&ions 

will be reduced to — x — —in the fecond year to 

- x in the third year £0 — x jL-? an d fo on in the 

3 3 L f3 c > 

other years. Hence the whole value of the reverfion will, as 
above, be = S „' -—-x V ~CCC. Q. E. D 

PROBLEM IX. 

To determine the value of a given fum payable on the death 
of A or B, fhould either of them be the fecond that fails of the 
three lives A, B, and C. 


SOLUTION - . 

The payment of the given fum in the firft year will depend 
upon either of four events happening, ift, That the three 
lives fhould fail, A or B having been the fecond that failed, 
zdly. That A fhould die after C, and B live. 3dly, That B 
fhould die after C, and A live. 4thly, That A and B fhould 
both die, and C live. In the fecond and following years the 
given fum will become payable, provided either of eleven 
events fhould happen, iff, If the three lives fhould drop in 
the year, A or B having been the fecond that failed, 2dly, If 
A fhould die after C in the year, and B live. 3dly, If B 
fhould die after C in the year, and A live. 4thly, If A and B 

* J do not know that apy foliation has been attempted before, either of this or 
•f the two following problems* 

fhould 
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fhould both die in the year, and C live. 5th3y, if B only 
fhould die in the year, A having died before the beginning, and 
C lived to the end of it. 6thlv, If A only fhould die in the 
}ear, B having died before the beginning, and C lived to the 
end of it. ythly, If C fhould die after A in the year, B hav¬ 
ing died in either of the foregoing years, Sthly, If C fhould 
die after B in the year, A having died in either of the 
foregoing years, ptbly. If A and B fhould both die in the 
year, G having died in either of the preceding years, iothly. 
If B only fhould die in the year, C having died before the 
beginning, and A lived to the end of it. And, laftly, if A 
only fhould die in the year, C having died before the begin¬ 
ning, and B lived to the end of it. The feveral fra&Ions de¬ 
noting thefe contingencies in each year being added together will 


, S Ara , md.a'+u « 
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and the two iafr feries are = D; the 


whole value of the reverfion, therefore (when C is the oldeft 

of the three lives), — 4 “—— + D + 2 — 2Q. 

When A is the oldefl of the three lives, the different feries, by 
changing the fymbols, as in tome of the foregoing problems, will 

become = , x— +- + tzc. -x—+- + 8cc, - 

ak 7 r OffL 7 r 


AS abc' , rrsc' , . 

— 7 - X -+ -*-+—r. + 

J J° ; 


X 

lwc r 


. -4~ cvC» 


71,, oc o S , o 

4-x —■ 4-4—+ &c* 4 “ —r ^ ~ + —r* + ■—r~ 4 &c* — 

3*a>f r r %ak r 7 


S hc f . . t 4 - / . <?_ , S »» 

_ X — + -4- &c. 4- — x — 

if r ^ 


» . C 1 


4“ *Sec* 4- 


S x ^ + ^ + ili 

2 be r r r 


S f / 

me to. 

- + &CC. --X -+-+ 

3 2 be r r 


4“ &C# — 


S ac , 
r 

S * 


x • 1 + dl + &c. + ~ * ±1+ — + &c. + 


CU. 


Ol t SC 

X -+ — 

2«£ * ’ 


" , S v «' tc" 

—p See.-x _ 4- 

3 20£ r > 


+ &c. 4- 


S * < J^ + »-'+4i+&c.-Ix 

A r ; s && 


. — rn . f m — n * t , »— 5 


,3 


4“ &c* 


S i — M * J . TO — W . * 

^ x —+— ■ — 


- &c. Let Q reprefent the value of S 

by the fecund rule in the eighth problem, n and A the values 
of the fame fum on the contingency of B’s dying after C, 
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it will be = — 1 -~~ -[-D+E“2Q* as above# 

\\ hen the In d are equal, the rule may be found either im¬ 
mediately fio-n t ie ’eries, or f»om the foregoing expfeffions, = 

"Hi x v -SjCC^zCCC. Q. E. D, 

S r 

PROBLEM X. 

To find the value of a given fum payable on the deceafe of 
B or C, fhould either of them be the laji that fails of the three 
lives A, B, and C. 


SOLUTION. 

The fum S can be received in the firft year only on the ex~ 
tin£hon of the three lives, reftrained to the contingency of 
A’s life having been the firffc or fecond that failed. In the 
fecond and following years it may be received provided either 
of fix events fhould happen, ift. If the three lives fliould fail 
in the year, A having been the firft or fecond that died, zdly t 
If B and C fhould both die in the year, A having died before 
the beginning of it. 3 dly, If C only fliould die in the year, 
A and B having died in either of the preceding years# 4thly f 
If B only fliould die in the year, A and C having died in either 
of the preceding years, jthly. If B fhould die after A in the 
year, C having died before the beginning of It. 6thly, If C 
fhould die after A in the year, B having died before the 
beginning of it. From the fractions expreffing thefe feveral 
contingencies, the whole value of the reverfion will be found = 

2 $ mdd ne . <d + a ' . c S led . mi m a r ^d f <*_ 

yoke r ‘ z ~r 3 ^ - r r % # 
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therefore the general rule (when either B or C are the oldeft 

of the three lives) will be = b into-— 3r — — — * 
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When A is the cldefi of the three lives , the fame general rule 
may be obtained. In this cafe, by exc hanging the fymbo ls, 

the different feries will become = ^ x — + —^— +&c. 
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get the fame general rule as that given above in the cafe of B 
or C’s being the oldeft of the three lives, it it-to be obferved, 
that the -firft five expreffions, by the-fecond part of the folution 

of Prob. i. appear to be = -— - ——- -"M + fe. And (fup- 

pofing T to reprefent the value of S on the contingency of A’s 
dying after C) that the la ft three expreffions appear to be 

- _ r _~-A'-AC > But £ i s = R4- r —•— B ., andW muft 

f V 

|j e — !~ x • v , ~—£± _ — _ r; therefore, the fum of the above 

J* 

expreffions may be eafily found = - —~ 1 + R + W 


If the three lives be of equal age, the value .of the rever- 

fion will be— ---:- r -~- xV^L. This expreffion may be de- 
3 r 

rived either from the foregoing general rule, or immediately 

from 
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from the different feries, and is known to be accurately true 
from felf-evident principles. Q. £. D. 


I have now given general rules for determining the values of 
reversions depending upon three lives in every cafe which, aa 
far as I can difcover, will admit of an exabi folution. The 
remaining cafes, which are nearly equal in number to thofe I 
have inveftigated, involve a contingency for which it appears 
very difficult to find fuch a general exprefiion as Shall not 
render the rules much too complicated and laborious^ The 
contingency to which I refer is that of one life’s failing after 
another in any given time ., The fractions expreffing this proba¬ 
bility are every year increafing, fo that the value of the rever¬ 
sion muff: be reprefented by as many ferles at leaft as are equal 
to the difference between the age of one of the lives, and that 
of the oldeft life in the table of obfervations.. I have indeed fo 
far fucceeded in the method of approximation as that the rever- 
fiou may be generally afcertained within about ^.th part of its 
exaffc value; but I fhall not trouble the Royal Society at 
prefent with thefe inveftigations-. 

The 34th, 35th, and 36th problems in Mr. Simpson’s Se>* 
left Exercifes involve this contingency, and, by the affiffance 
of M. de Moivre’s hypothefis, admit of an eafy foiutioo. 
But fuch is the fallacy of this hypothefis r that it renders Mm 
Simpson's conciufions obvioufly wrong, though his reafoning 
is perfectly corred t for it cannot furely be aa equal chance m 
aU cafes that one life fhall die after another. In the fhort 
term of a Angle year the chances are indeed fo nearly equal, 
that it would be wrong to perplex the folution by attempting 

O o, z greatest 
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greater accuracy. But when the number of years, and the 
duTerence between the ages of the two lives are, confiderable, 
thofe chances muft vary in proportion; and, therefore, unlefs 
the contingency is blended with another which (hall very much 
diminifh the probability of the event, the folution, by thus 
indifcriminately fuppofing the chances to be equal, muft be 
rendered extremely inaccurate. In Mr. Simpson’s 36th pro¬ 
blem the folution by this means appears to be abfurd : for, in 
the particular cafe in which C is the oldeft of the three lives, 

the value of the reversionary annuity becomes =—-—; that 

is, the value of an annuity in this cafe during the life of C 
after B and A, provided A dies firft, is the fame whatever be 
the age of B ; for no mention is made of his life in the fore¬ 
going expreffion. It fhould be obferved, however, that the 
rule itfelf is ftri&ly true, and that the error arifes from Mr. 
Simpson’s having been milled by the hypothecs in determin¬ 
ing the probability of B’s dying after A in his inveftigation of 
the 34-th problem, which is applied to the folution of this 
problem *. 

I have declined giving fpecimens of the different values of 
the reverlions as deduced from the foregoing rules and thofe 
which have been hitherto publilhed, not only from an appre- 
henfion of becoming tedious, but alfo from the convidion 
that at prefent they are unneceflary; thofe which I have for-* 
jmerly given being, I think, fufficient to prove the inaccuracy 
'of M. »e Moivre’s hypothefis. In thofe inftances in which I 
have compared fome of the foregoing rules with the approxi- 

* It is proper to obferve, that I have followed Mr. Simpson’s method of 
determining this contingency in the 23d, 27th, 28th, and 29th Problems in my 
Tbeatifeon Annuities* 

; .. 4 
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mations now in ufe, I have invariably found the latter to he 
erroneous; nay, in fome cafes, the values were almoft twice 
as great as they ought to have been. This is particularly true 
when one of the lives is very young, and both or either of the. 
other lives are very old. In reverfions of this kind I believe 
that this is generally the cafe, and that it feldora happens that 
the ages of the three lives are nearly equal. The approxima¬ 
tions therefore can hardly ever be ufed with fafety, and it will 
certainly be moft prudent not to have recourfe to them when 
the correCt values can be obtained. Should the difficulties 
attending the folution of the remaining problems which in¬ 
volve three lives be furmounted (and the talk may not perhaps 
be impoffible), the hypothecs of an equal decrement of life, as 
far as it relates to any ufeful purpofe in the do&rine of annui¬ 
ties, may then be totally abandoned. Or Ihould it even be 
found impracticable to deduce folutions of thofe problems 
which are ftri&ly and accurately true; yet, I am fatisfied from 
my own experience that fuch near approximations may be pro¬ 
cured as to render this hypothefis equally unnecefTary, 
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XVIII. AbjlraB of a Regifer of the Barometer, T'hermome - 
ter, and Rain, at Lyndon in Rutland; by Thomas Barker, 
Efq.% with the Rain in Surrey and Hampihire ; for the Tear 
xjpo. Communicated by Thomas White, Efq^ F.R.S. 

Read June 2, 1791* 
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The thermometer abroad being broken in December, that 
month is defective in that article. 


THE winter proved a remarkably open one; no froft of 
two whole days together, nor any fnow; fo that there were 
young artichokes in the garden all winter, where they were 
fhort and among the leaves ; and the fecond crop of figs, which 
are generally killed in winter, efcaped this year, and ripened in 
the fummer, but did not grow large. It was faid there were 
young hares in winter, and birds’ eggs laid, fome of which 
were perhaps hatched. Several people faid they faw a covey of 
young partridges near Oakham in February; but I cannot 
affirm it, for others fufpe&ed fome miftake. January was 
ftowery and mild, but often windy; as the days grew longer, 
it became diyer, finer, and forward. A fwarm of bees rofe and 
fettled at Tixover, March 2 .; but it was rather a fluffing of 
their hive for want, than a regular fwarm, which could not 
have been bred fo early. The owner, having a deferted hive 
with combs and honey in it, put them into that, where they 
lived, and grew ftrong in the fummer. The forwardnefs of the 
leafon continued till the N.E. winds of March made it colder 
and more frofty ; the growth of all things was then flopped, 
and the firft fortnight in April was feverer than any part of 
the winter, with the only fnow this feafon. 

The feed time was dry, and in general good ; but, for want 
of froft in the winter, the ground ploughed ftiff, and required 
a great deal of working; and the feafon continued dry and 
backward till after the middle of May, when rain and warmer 
weather made every thing grow as faft as they were flow be¬ 
fore. The fummer was chiefly cloudy and windy, and after 

7 the 
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the middle of May very fhowery and cool, except fome few- 
violent hot days; and a very growing feafon, fo that grounds 
laid at the end of May had good crops of hay on them, which 
in general was well got, for the rains in this country were not 
great, though frequent; and fo much land was laid late, and 
fo much over-eaten grafs cut, that there was hardly ever more 
good hay made than there was this year. The harveft alfo 
was fhowery, yet not fo much but that thofe who were not too 
hafty got it well, and it was plentiful, though very rank, 
and pretty much laid, yielding well to the acre, though not to 
the flail. 

The autumn was dryer, fine, and pleafant, lb that the 
ground began to burn. The wheat feed time was remarkably 
good; for it was dry at fir ft for fowing the clay land j then rain 
came in good time to bring it up, and that made the ground moift 
for fowing the dry fields. There was a good deal of rain at times 
in November, yet fo much fine weather between, that it was 
pleafant and not dirty; but moft part of December and Ja¬ 
nuary was uncommonly ftormy and uncertain weather, chang¬ 
ing fometimes two or three times a day ; fevere florins, much 
rain, great floods, and remarkable thunder, on feveral different 
days, and in many different places. Near a fortnight’s froft at 
Chriftmas, with dear weather at firfl, but afterward one great 
rain, and feveral lefler, which yet did not take away the froft 
tiU January the fob* 
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Chalk found in a new place* 

There is a great deal of chalky ground in the fouthern part 
of England; I think it begins at the fea in Devonfliire, and 
one vein of it runs all along the fouthern counties to Dover. 
Another vein parts off from that about Reading in Berkfhire, 
goes by Dunftable, Baldock, and Gogmagog Hills, and fo on 
to the lea in Norfolk; the whole croffing the kingdom in a Y. 
Along thefe two diftri&s it is almoft all chalk to a great depth, 
in the ground; but out of them chalk is feldom found. I be¬ 
lieve it may be met with in many places in the countries 
between thefe two diftricts,' and fometimes deep in the ground, 
where it does not come up to the furface; but beyond the 
northern limits of them, which are at Wantage in Berkfhire, 
and over the river from Shillingford in Oxfordfhire, and at 
Maddingley by Cambridge, chalk is hardly any where to be 
found; no where in any confiderable quantity, unlefs it be 
much farther north, in the wolds of Yorkfhire, beyond Pock- 
lington toward Scarborough. 

I did not know till lately that we had any chalk nearer us 
than Maddingley; but feveral years ago, the people of Rid- 
lington in Rutland, digging for Hone to mend the roads, met 
with a bed of chalk; at which they were much furprized, 
and did not know what it was, having never feen a chalk pit 
before. After I had heard of It, I went to examine the place, 
and founds it a regular chalk pit, with rows of flints lying in 
it as is ufual in the fouth of England. The chalk is not foft 
like that they write with, but very much like that they dig 
about Baldock; nor are the flints fo black as thofe in the fouth 
of England, but veined, of a light-coloured flint, and white, 
Vol. LXXXI. P p fome 
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fome parts much mixed with chalk; and are broken, not whole 
ones. They may have dug the pit fix yards long and two 
deep; but how far the chalk reaches I do not know. The 
ground about it has plainly been formerly dug, perhaps thirty 
yards fquare, but completely turfed over again, with the fame 
ftrong turf as the reft of the clofe, which is rich pafture land, 
and feeds oxen for Smithfield market, not like the fhort grals 
on the chalky downs.. 

Riding laft autumn along the 1 turnpike road near Stukeley in 
Huntingdonshire, I faw a little patch of chalk, a few yards 
long, in a bank which had been dug away by the road fide; 
lo that though we did not know there was any chalk at all in 
this country, and there certainly is very little, yet here are 
now two places where it has been met with,. 
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XIX. Defcription of a fmple Micrometer for meafuring fmall 
Angles ’with the Felefcope. By Mr . Tiberius Cavallo, 


F. R, S. 


Head June 2, 1791. 


T HE various telefcopical micrometers, or machines which. 

have been conftrudted for the meafurement of fmall 
angles, may be divided into two claffes ; namely, thofe which 
have not, and thofe which have, fome movement amongft 
their parts. The micrometers of the former fort confift moftiy 
of fine wires, or hairs, varioufly difpofed, and fituated within 
the telefcope, juft where the image of the objedt is formed. 
In order to determine an angle with thofe micrometers, a good 
deal of calculation is generally required. The micrometers of 
the other fort, of which there is a great variety; fome being 
made with moveable parallel wires, others with prifms, others 
again with a combination of lenfes, and fo on; are more or 
lefs fubjedt to feveral inconveniences, the principal of which 
are the following. ift. Their motions generally depend 
upon the adtion of a fcrew, and of courfe the imper- 
fedtions of its threads, and the greater or lefs quantity of loft 
motion, which is obfervable in moving a fcrew, efpecially 
when fmall, occafion a confiderable error in the menfuration of 
angles, idly. Their complication and bulk renders them dif¬ 
ficultly applicable to a variety of telefcopes, efpecially to the 

P p 2 pocket 
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pocket ones. 3dly, They do not meafure the angle without 
fome lofs of time, which is neceffary to turn the fcrew, or to 
move fome other mechanifm. 4thly, and laftly, They are 
confiderably expen live, fo that fome of them coft even more 
than a tolerably good telefcope. 

After having had long in view the conftruCtion of a micro¬ 
meter, which might be in part at leaf:, if not intirely, free from 
all thofe obje&ions; and, after various attempts, I at laft fuc- 
ceeded with a fimple contrivance, which, after repeated trials* 
has been found to anfwer the defrred end, not only from my 
own experience, but from that alfo of feveral friends, to whom 
it has been communicated. 

This micrometer, in fhort, confifts of a thin and narrow 
flip of mother of pearl finely divided, and fituated in, the focus 
of the eye-glafe of a telefcope, juft where the image of the 
object is formed.. It, is immaterial whether the telefcope be a 
refractor or a refteflor, provided the eye-glafs be a convex lens* 
and not a concave one,, as in the Galilean conflrufliom 

The fimpleft. way of fixing it is to flick it upon the dia¬ 
phragm, which generally Hands within the tube, and in the 
focus of the eye-glafs. When thus fixed, if you look through 
the eye-glafs-, the. divifions of the micrometrical fcale will ap¬ 
pear very diftin&j, unlefs the diaphragm is not exa&ly in the 
focus; in which: cafe the micrometrical, fcale muft be placed 
exactly in the focus of the eye-glafs, either by pufhing the 
diaphragm backwards or forwards, when that is practicable 
or elfe the fcale may be eafily removed from one or the other 
furface of the diaphragm by the interpofition of a circular 
piece of paper or card, or by a hit of wax. This conftructioa 
is. fully fuflicient when the telefcope is, always to be ufed by : 
the, fame, perfon j, but whea diferent perfens. are to ttfek, then 
' ■■ ■ ■ .3 ■ ' ' the 
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the diaphragm, which fupports the micrometer, muft be con - 
ftruded fo as to be eafiiy moved backwards or forwards, though 
that motion needs not be greater than about a tenth or an 
eighth of an inch. This is neceffary, becaufe the diftance o 
the focus of the fame lens appears different to the eyes of dif¬ 
ferent perfons, and therefore, whoever is going to ufe the tele¬ 
fcope for the menfuration of any angle, muft firft of all un- 
fcrew the tube, which contains the eye-glafs and micrometer, 
from the reft of the telefcope, and, looking through the eye- 
glafs, muft place the micrometer where the divifions of it may 
appear quite diftind to his eye. 

In cafe that any perfon fhould not like to fee always the 
micrometer in the field of the telefcope, then the microme¬ 
trical fade, inftead of being fixed to the diaphragm, may be 
fitted to a circular perforated plate of brafs, wood, or even 
paper, w-hich may be occafionally placed upon the faid dia¬ 
phragm. 

I have made feveral experiments to determine the moft ufe- 
fui fubftance for this micrometer. Glafs, which 1 had fuc- 
cefsfully applied for a fimilar purpofe to the compound micro- 
fcope, feemed at firft to be the moft promifing ; but it was at 
laft rejeded after feveral trials; for the divifions upon it gene¬ 
rally are either too fine to be perceived, or too rough ; and 
though with proper care and attention the divifions may be 
proportioned to the fight, yet the thicknefs of the glafs itfelf 
obftruds in fame naeafure the diftind view of the objed. 
Ivory, horn, and wood, were found ufelefs for the conftruc- 
tion of this micrometer, on account of their bending, fwel- 
ling, and contrading very eafiiy; whereas mother of pearl is 
a very fteady fubftance, the divifions upon it may be marked 

very 
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very eafily, and, when it is made as thin as common writing 

paper, it has a very ufeful degree of tranfparency. 

Tab. VIII. fig. 'i. exhibits this micrometer fcale, but 
(hews it four times larger than the real fize of one, which 
I have adapted to a three-feet achromatic teiefcope, that 
magnifies about 84 times. It is fomething lefs than the 
34th part of an inch broad; its thicknefs is equal to that of 
common writing paper; and the length of it is determined 
by the aperture of the diaphragm, which limits the field of 
the teiefcope. The divifions upon it are the 20odths of an 
inch, which reach from one edge of the fcale to about the 
middle of it, excepting every fifth and tenth divifion, which 
are longer. The divided edge of it pafles through the center 
of the field of view, though this is not a neceffary precaution 
in the conflrufition of this micrometer. Two divifions of the 
above defcribed fcale in my teiefcope are very nearly equal to 
one minute; and as a quarter of one of thofe divifions may be 
very well diftinguifhed by eftimation, therefore an angle of 
one-eighth part of a minute, or of may be meafured 

with it. 

When a teiefcope magnifies more, the divifions of the mi¬ 
crometer muft be more minute; and I find, that when the 
focus of the eye-glafs of the teiefcope is fhorter than half an 
inch, the micrometer may be divided with the 50odths of an 
inch ; by means of which, and the teiefcope magnifying about 
200 times, one may eafily and accurately meafure an angle 
fmaller than half a fecond. 

On the other hand, when the teiefcope does not magnify 
above 30 times, the divifions need not be fo minute: for in- 
{lance, in one of Dollond’s pocket telefcopes, which when 
drawn out for life, is about 14 inches long, a micrometer with 

the 
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the hundredths of an inch is quite fufficient, and one of its 
divifions is equal to little lefs than three minutes, fo that an 
angle of a minute may be meafured by it. 

In looking through a telefcope, furnifhed with fuch a micro¬ 
meter, the field of view appears divided by the micrometer 
fcale, the breadth of which occupies about one-feventh part of 
the aperture, and as the fcale is femitranfparent, that part of 
the objedt, which happens to be behind it, may be difcerned 
fufficiently well to afcertain the divifion, and even the quarter 
of a divifion, with which its borders coincide. Fig. 2. fhews 
the appearance of the field of my telefcope with the micro¬ 
meter, when directed to the title page of the Philofophical 
Tranfadtions, wherein one may obferve that the thicknefs of 
the letter C is equal to three-fourths of a divifion, the dia¬ 
meter of the O is equal to three divifions, and fo on. 

At firft view one is apt to imagine that it is difficult to 
count the divifions which may happen to cover or to meafure 
an objedt; but upon trial it will be found, that this is readily 
performed; and even people, who have never been ufed to 
obferve with the telefcope, foon learn to meafure very quickly 
and accurately with this micrometer; for, fince every fifth and 
tenth divifion is longer than the reft, one foon acquires the 
habit of faying five, ten, fifteen, and then, by adding the- 
other divifions lefs than five, completes the reckoning. Even 
with a telefcope, which has no ftaud, if the object end of it 
be refted againft a fteady place, and the other end be held by 
the hand near the eye of >the obferver, an objedt may be mea¬ 
fured with accuracy fufficient for feveral purpofes, as for the 
eftimation of fmall diftances, for determining the height of a 
houfe, &c. 


After 
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After having conftrudted and adapted this micrometer to the 
telefcope, it is then neceffary to afcertain the value of the divi¬ 
fions. It is hardly neceflary to mention in this place, that 
though thofe divifions meafure the chords of the angles, and 
not the angles or arches themfelves, and the chords are not as 
the arches, yet it has been fhewn by all the trigonometrical 
writers, that in fmall angles the chords, arches, fines, and 
tangents, follow the fame proportion fo very nearly, that the 
very minute difference may be fafely negledted : fo that if one 
divifion of this micrometer is equal to one minute, we may 
fafely conclude, that two divifions are equal to two minutes, 
three divifions to three minutes, and fo on. There are various 
methods of afcertaiuing the value of the divifions of fuch a mi¬ 
crometer, they being the very fame that are ufed for afcertaiuing 
the value of the divifions in other micrometers. Such are the 
pafiage of an equatorial ftar over a certain number of divifions 
in a certain time, the meafuring of the diameter of the fun, 
by computation from the focal diftance of the objedt, and other 
lenfes of the telefcope, the laft of which, however, is fubject 
to feveral inaccuracies; but as they are well known to aftro* 
nomical perfons, and have been defcribed in many books, need 
not be farther noticed in this Paper. However, for the fake of 
workmen and other perfons not converfant in aftronomy, I 
fliall defcribe an eafy and accurate method of afcerstaining the 
value of the divifions of the micrometer. 

Mark upon a wall, or other place, the length of fix inches, 
which may be done by making two dots or lines fix inches 
afunder, or by fixing a fix-inch ruler upon a Hand; then place 
the telefcope before it fo that the ruler or fix-inch length may¬ 
be at right augles with the direction of the telefcope, and juft 
57 feet 3i inches diftant from the object-glafs of the telefcope: 
this done, look through the telefcope at the ruler or other 

extenfion 
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ex^nfion of fix inches, sad obferve how many divisions of 
th„ micrometer aie equal to it, and that fame number of divi¬ 
sions is equal to hair a degree, or 30'; and this is all that 
needs Le don- for the nquhed determination; the reafon of 
which is, becaufe an extend on of fix inches l'ubtends an an ole 
or 30' at the difbncc of 57 fe:t 31 inches, as may be eafily 
calculates by the rules of ph ne t/gonometry. 

In one of Dollond’s 14-inch pocket telefcopes, if the divi¬ 
fions of the micrometer be the hundredths of an inch, n§ of 
thofe divifions will be found equal to 30% or 23 to a degree. 

When this value has been once afcertained, any other angle 
meafured by any other number of divifions is determined by 
the rule of three. Thus, fuppofe that the diameter of the 
fun, feen through the fame telefcope, be found equal to 12 
divifions, fay as n| divifions are to 30 minutes, fo are 12 

divifions to (—ppj“J Z 1 '^ is the required diameter 

of the fun. 

Notwithftanding the facility of this calculation, a fcale may 
be made anfwering to the divifions of a micrometer, which 
will (hew the angle correfponding to any number of divifions 
to mere infpedlion* Thus, for the above-mentioned fmali 
telefcope the fcale is rep re fen ted in fig. 3. AB is a line drawn 
at pleafure; it is then divided into 23 equal parts, and thofe 
divifions, which reprefent the divifions of the micrometer that 
are equal.to one degree, are marked on one fide of it. The 
line then is divided again into 60 equal parts, which are marked 
on the other fide of it; and thefe divifions reprefent the mi¬ 
nutes which correfpond to the divifions of the, micrometer: 
thus the figure (hews, that fix divifions of the micrometer are 
equal to 15! minutes, nj divifions are nearly equal to 29 

Vq Is. LXXXI. Q q minutes. 
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minutes. See. What has been faid of minutes may be faid of 

feconds alfo, when the fcale is to be applied to a large 

teiefcope. 

Thus far this micrometer, and its general ufe, have been 
fufficiently deferibed, and mathematical peifons may eafily 
apply it to the various purpofes to which micrometers-have 
been found fubfervient. But as the fimplicity, cheapnefs, and 
at the fame time the accuracy of this contrivance, may render 
the ufe of it much more general than that of any other mi¬ 
crometer; and I may venture to fay, that it will be found 
very ufeful in the army, and amongft fea-faring people, for the 
determination of distances, heights, &c.; I (hall therefore fub- 
join fome pradtlcal rules to render this micrometer ufeful to per- 
fons unacquainted with trigonometry and the ufe of logarithms. 

Problem I. The angle, not exceeding one degree, which* 
is fubtended by an extenfion of one foot, being given, to find 
its didance from the place of obfervatioru 

N. B. This extenfion of one foot, or any other which may 
be mentioned hereafter, muffc be perpendicular to the dire&ion 
of the teiefcope through which it is obferved. The alliances 
are reckoned from the objedl-glafs of the teiefcope, and the 
anfwers obtained by the rules of this problem, though not 
exactly true, are however fo little different from the truth*, 
that the difference feldom amounts- to more than two or three 
inches, which may be fafely neglefted. 

Rule i. If the angle be expreffed in minutes, lay, as the. 
given angle is to 60, fo is 687,55 t0 a fourth proportional,, 
which gives the aufwer in inches. 

2. If the angle be expreffed. in feconds, fay, as the given 
angle is to 3600., fo is 687,55 to a fourth proportional, which, 
expreffes the aufwer in inches. 

7 Si If 
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2* If the angle be exp re fled in minutes and feconds, turn 
it all into feconds, and proceed as above. 

Example. At what diftance is a globe of one foot in diame¬ 
ter when it fubteuds an angle of two feconds ? 

2 : 3600 :: 687,55 : = 123759 0 inches, or 

1031 32§ feet, which is the anfwer required. 

This calculation may be fhortened; for fince two of the 
three proportionals are fixed, their product in the firfi: cafe is 
41253, and in the other two cafes is 2475180; fo that in the 
firfi; cafe, viz. when the angle is exprefied in minutes, you 
need only divide 41253 by the given angle; and in the other 
two eafes, viz. when the angle is exprefied in feconds, divide 
2475 1 8° by the given angle, and the quotient in either cafe is 
the anfwer in inches. 

Problem II. The angle, not exceeding one degree, winch is 
fubtended by any known extenfion, being given, to find its 
diftance from the place of obfervation. 

Rule. Proceed as if the extenfion were of one foot by Pro¬ 
blem I. and call the anfwer B; then, if the extenfion in 
queftion be exprefied in inches, fay, as 12 inches are to that 
extenfion, fo Is B to a fourth proportional, which is the anfwer 
in inches; but if the extenfion in queftion be exprefied in feet, 
then you need only multiply it by B, and the produd is the 
anfwer in inches. 

Example. At what diftance is a man, fix feet high, when 
fee appears to fubtend an angle of 30". 

By Problem I. if the man were one foot high, the diftance 
would be 8 2506 inches; but as he is fix feet high, therefore mul¬ 
tiply 82506 by 6, and the produd gives the required diftance, 

which is 495036 inches, or 4 I2 53 ^ eet * 

Q q 2 


For 



«p2 Mr. Cayallo’s Defcription cf 

For greater convenience, efpecially in travelling, or in fcch 
circumftances in which one has not the opportunity of making 
even the eafy calculations required in thofc problems, I have 
calculated the following two tables; the fir ft of which {hews 
the diftance anhvering to any angle from one minute to one 
degree, which is fubtended by an extenfion of one foot; and 
the lecond table {hews the diftance anfwering to any angle from 
one minute to one degree, which is fubtended by a man, the 
height of which has been called an extenfion of fix feet j be- 
caufe, at a mean, fuch is the height of a man when drelied 
with hat and {hoes on. Thefe tables may be tranfcribed on a 
card, and may be had always ready with a pocket telefcope 
furnifhed with a micrometer. Their ufe is evidently to afcer- 
tain diftances without any calculation ; and they are-calculated 
only to minutes, becaufe with a pocket telefcope and micro¬ 
meter it is not poffible to meafure an angle ‘more accurately 
than to a minute. 

Thus, if one wants to meafure the extenfion of a ftreet* 
let a foot ruler be placed at the end of the ftreet; meafure the 
angular appearance of it, which fuppofe to be 36', and in the 
table you will have the required diftance againft 36k which is* 
95§ feet. Thus alfo a man, who appears to be 49' high, is 
at the diftance of 421 feet*. 

T. CAVAJULOv 

Welb-ftreet, 

May 26, 1791* 
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Angles fubtended by an extenfion of one foot at different 

diibances. 


Angles. 

f Difiances 
m feet. 

I 

: Angles. 

Diiaeces 
m feet. 

Min. I 

3437>7 

: 

Min. 31 

110*9 

2 

1718,9 

32 

107,4 

3 

1 145.9 

33 

104,2 

4 

859,4 

34 

101,1 

5 

687,5 

35 

98,2 

6 

57 2 '9 

36 

95?5 

7 

491,1 

37 

92,9 

8 

429,7 

3 8 

90,4 

9 

382,0 

■ 39 

88,1 

IQ 

343,7 

4 ° 

85,9 

11 

3 l2 >5 

41 

83,8 

22 

286,5 

4 2 

8i,s 

1 n 

364,4 

43 

79,9 

14 

345,5 

44 

1 78,1 

; *5 

229,2 

45 

76,4 

1 16 

214,8 

46 

74,7 

; 17 

202,2 

47 

73, 1 

18 

J9I,0 

48 

71,6 

J 9 

2 80,9 

49 

70,1 

20 

171,8 

5 ° 

68,7 

21 

162,7 

> 5 r 

67,4, 

22 

156,2 

53 

66 ? i . 

2 3 

149,4 

53 

64,8 

24 

143 , 2 

J 54 

63,6 

i 2 s 

* 37,5 

55 

62,5 

26 

132,2 

i 6 

61,4 

27 

I2 7>3 , 

57 1 

60,3 

28 

122,7 

5 8 : 

59.2 

29 

118,5 

59 , 

58,2 

3? 

114,6 

60 1 

57>3 J 


Angles. 
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Angles fubtended by an extenfion of fix feet -at differen 

diftances. 



Angles. 


Min. i 
2 

3 

A 

5 

6 

7 

8 

9 

io 


Diftances 
in feet. 


20626,8 

103x3. 

6875,4 
5 1 56>5 
4*25,2 

3437.7 

2946.6 

2578.2 

2.291.8 

2062.6 

1875.2 

1718.8 

1586.7 

H73-3 

*375* 

1289,1 

12x3,3 

1 145.9 
1085,6 

-982/, 

• 937.6 

896.5 

825. 

793.3 

763.9 

736.6 

711.3 

I 687,5 


Diflances' 
Angies. m fee£. 
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XX. A new Method of mvefilgaiing the Sums of Infinite Series* 
By the Rev. Samuel Vince, A. M. F. R. S. 

Read June a, 1791^ 

T HE fummation of infinite feries is a fubjedt, not only of 
curious {peculation, but alfo of the greateft importance 
in the various branches of mathematics and philofophy; in 
confequence of which it has always claimed a very confiderable 
fhare of attention from the moft celebrated mathematicians. 
I fhall therefore make no apology for- offering to the public 
the following new and very expeditious method, by which we 
may obtain the fums of a great variety of feries, moft of which 
have never before been treated of. As the fummation depends 
on the fums of the reciprocals of the powers of the natural 
numbers, tables of fuch fums are given as far as the 40th 
power to twelve places of decimals, by which the fums of 
the feries will be found true to ten or eleven places 1 ; and if 
greater accuracy were required (which is a cafe that can very 
rarely happen) it might eafily be obtained by continuing the 
tables. The firfl and third columns fhew the fums, and the 
fecond and fourth the powers correfponding. 


TABLE 
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TABLE I. 


Sum of — J r — + — ~r &c. ad infix':turn. 

n * rt n •* ^ 

234 


Sum 

! 

^ : 
H | 

Sum 

1 

f 

; « 

» 

A —,644934066848 

2 ; 

1 

W = ,0000002384 50 

22 

B =,202056903159 

3 

| X =,0000001:9219 

2 3 

C =*082323233711 

4 

J - Y =,000000050608 

24 

D =,036927755.107 

5 

1 Z = ,000000029803 

2 5 

E = ,01734306x984 

6 

A' = jooeocoo 14901 

26 

F =,008349277387 

7 

W = ,000000000440 

27 

G =,004077356198 

8 I 

C' = ,000000003725 

28 

H =,002008392826 

9 | 

D' = ,000000001863 

29 | 

1 =,000994575128 

ID j 

i 

E / = ,00000000093 1 

3 ° 

K =,000494188604 

If 

F / = ,000000000465 

3 l . 

L = ,000246086553 

12 | 

G’ = ,000000000233 

32 

M =,00012 2713347 

13 

H' = ,000000000116 

33 

N =,000061248135 

14 

F =,000000000058 

34 

O = ,000030588236 

IS 

K 7 = ,000000000029 

35 

P =,000015282259 

l6 

U = ,000000000015 

36 

Q^= ,000007637196 

17 

M' = ,000000000007 ! 

37 

, R =,000005817392 

l8 

N / ~ ,000000000004 ! 

38 

• S =,000001908212 

19 

O'* = ,000000000002 

39 

T =,000000953961 

20 

P 7 =,000000000001 

40 

V =,000000476932 

21 
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TABLE 11 


Sum of -S — -^-j—L —L -f Sec. ad infinitum. 

2 2 A n r v 


1 

j Sum 

* 

ij 

1 

Sum 

a 

" 

1 a 

=* i 7753 2 9 66 5? 6 

2 I 

i 10 = ,cozooozfifi6 

2Z ' 

1 b 

= ,098457322630 

3 1 

1 x =,ooocooi 19*99 

2 3 

| € 

= ,052967x70503 

4 ' 

* y =,000000059602 

24 

1 d 

= ,027880229587 

5 ’ 

z =,000000029801 

25 * 

£ r 

= ,0x4448908703 

6 J 

1 a' = ,000000014901 

26 

f 

= ,007406180072 

7 | 

! b' = ,000000007450 

27 

{ 

= ,003766998x47 

8 ! 

c' = ,000000003725 

28 

1 h 

f 

= ,001905702459 

9 j 

1 d' =,000000001863 

20 

! t 

s 

= ,000960492403 

xo ! 

' e' =,000000000931 

3 ° 

f 

= ,000482856 502 

11 i 

! f =,000000000465 

3 * 

t 

= ,000242314856 

12 

1 g / = ,0000000002 <3 

1 32 

f m 

= ,000121457237 

*3 

b' =,000000000116 

! 33 

J n 

= ,000060829654 

14 

i' = ,000000000058 

i 34 

o 

= ,000030448787 

15 ' 

k r =,000000000029 

35 

p 

= ,0000x5235790 

16 1 

V =,000000000015 

! 3 6 

9 

= ,000007621708 

! 17 

m' = ,000000000007 

37 

r 

= ,000003812130 

18 

n' =,000000000004 | 

! 38 

s 

= ,000001906491 

19 

o' =,000000000002 | 

1 39 

t 

= ,000000953389 

20 

p' =,000000000301 j 

40 

V 

= ,000000476742 

21 
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TABLE III. 


Sum of — + — + — + &c. ad Infinitum. 
240 


Sum 


Sum 


I! 


A" 

B 7/ 

C" 

D" 

E" 

Y” 

G" 

H" 

r 

K" 

\J' 

M" 

N 77 

O" 

p // 

Q." 

R" 

S 77 

T ;/ 

V" 


: ,411233516712 
1^0257112895 
= ,067645202107 
= ,03240591)2347 
: ,015895985344 
=,007877728730 
: 5002022177172 
: ,00,957=;, 6*3 
: ,000977533765 
: ,000488522553 

= ,000244200705 
: ,000122085292 
: ,000C6l0388Q5 
: ,0000305 I 8 51 2 
:,OO 0 OI 5259 O 24 
= ,000007629452 
: ,000003814712 
: ,00000 9O7352 
: ,000000953675 
=,000000476837 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

*3 

14 

r 5 

16 

17 

18 

19 

20 

21 


W 77 
• X 77 
Y 77 
Z' 7 
i a 777 

B'" 

1 c- v/ 
D' 77 
E 777 

p'" 

G " 7 

H 7// 

j/^/ 

K 777 
r /// 

. M 7// 

, N 777 : 
! O 777 ; 

1 pw 


= ,000000238419 1 2: 

= ,000000119209 j 23 

==,000000059605 

= ,000000029803 
= ,000000014901 
= ,000000007450 
=,000000003725 
=,000000001863 
= ,000000000931 
= ,000000000465 
= ,000000000233 
= ,000000000116 
= ,000000000058 
= ,000000000029 
= ,000000000015 
= ,000000000007 
= ,000000000004 
= ,000000000002 
,000000000001 j 40 | 


24 , 

25 s 
2 6 

27 

28 

29 

3 ° 

3 1 

3 2 

33 

34 

35 

36 

37 

3 8 
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j* 



T A 

Sum of — 4" — ■ + 
a’ 

VI T V 

L 4- Arr. rid 

11 

hrftnhrjj 



1 

53 



5 $ 

* 

Sum , 

H 

i 

Sum 

li 

a f/ 

= ,233700550136 

2 » 

n" 

= ,000000209240 1 

1 14 

b ' 1 

= ,051799790-64 

3 

„// 

if 

= ,000000069 "24 ■ 

1 *5 

c" 

= ,0146780316-“ 4 

4 

P" 

= ,000000023234 

: 16 

d" 

= ,0045.3762 60 

5 


= ,000000007744 

. 17 

\*' 

= ,001447076640 

i 6 

\ r" 

= ,000000002581 

! 8 

/" 

= ,000471548657 

7 

! 

= ,000000000864 

19 

' g" 

= ,000155179025 j 

8 

1 /" 

= ,000000000286 

120 

b" 

= ,000051345183 | 

9 

1 0 

= ,000000000095 

21 

i" 

= ,000017041362 

10 

w" 

= ,000000000032 

22 

i k " 

= ,000005566051 

11 i 

, x" 

= ,0000 000000 . I 

2 3 

! r 

= ,000001885848 

12 

y " 

= ,000000000004 

1 2 4 

‘ m" 

= ,000000628055 

*3 


= ,0000 0000000 1 

2 5 


PROP. i. 

To find the fum of the funis of the reciprocal /quarts, cubes, 

&c. &c. ad infinitum. , 

By divfion ■ — 1 — = —+ \ + ~ +&C. ad if ; hence if we 

make each of thefe terms the general term of a Aries, and 
write a, 3, 4, &c. ad inf. for we have — + —+ — + 

&c. = (Table 1.) A + B + C+D + &c.; ’>ur + + + 

&c. ad iif.zz. 1 ; hence A + B + C-f~D + . ad inj. = 1 . 
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As —4=s=4 “ 4- + 4r “ 4 + &c - ' in f' > we k ave > by the 

^ X A ’ -r * ** x A * 

fame method of proceeding, A — B + C — D + &c. ad inf ; 
confequently A+C + E + &c, = |, and B + D + F-f&c. = 

Becaufe —- — = - + +4 + &c. ad inf. ; if for x we 

.-ix* ** * 

write 2, 4, 6, &c., then will —— + —b- + —— + &c. = (Tab. 
q ) A'' / + B // + C // + D // + &c.; but —L. + —i- 4- _I_ 4- & c . = 

• 3 ' 1.23.45.6' 

hyp. log. 2 ; hence A" 4- B" + C" 4- D" 4- &c. = hyp. log. 2. 

If in the fame expreffion we write 3, 5, 7, &c. for x, then 

—— f 4- -i_ 4- &c. = (Tab. 4.) a ,y +b" + c" + See .; but 

2.34.56.7 ^ ' 

— L_ -j- —— 4- —I— p &c. = i — hyp. log. 2; hence 4- b /! 4- c ,r 

2.34.56.7 jst t, 

4- See. = 1 — hyp. log. 2.—Hence from either of thefe two laft 
cafes, we have a very expeditious method of finding the hyp. 
log. 2. 


PROP; II. 

To find the fum of the infinite feries whofe general term is 


mx±fi 


By divifion — l -— 

zk.n 


1 _ n n z _ 

---h- —-*- — 


wx 


m x 


rrfx 




he. ad inf ; 


hence, if ~— be made the general term of a feries, and for 

mdzEzx 

x we write 2, 3, 4, &c., its fum will be equal to the fums of 
another fet of feritfes, whofe terms are the powers of the 
reciprocals of the natural numbers reflectively multiplied 

Into 



of Infinite Series, goi 

into—, &c.; hence the fum of each of thefe feries 

m m u 3 

being known from the tables, the fum of the given feries will 
be found. 

Ex. i. Let ~f— be the general term ; now —— = - — 4- 

-f1 ° r ^ 

4 - 4 + &c.; hence if for x we write 2, q, 4, See. we have 

X 6 X 

- + 1 + -+ l + &c. = A-C + E-G+ &c. = (by Tab. 1.) 

5 10 17 26 v J ' 

,576674037469. 

Ex. 2. Let —— be the general term; then, bv the fame 

X“ — I a 

method of proceeding, — 4 - 4 + — + — + See. = A + C + E+' 

3 o ^24 


&c. = (by Prop, x.) - . 


Cor. Becaufe 4 + — + 4 + Sec. = 5x14-+; + See. = (as 

O 24 40 b 3 0 ^ 


1 + - + g +&c. is the reciprocal of the figurative numbers of 
3 

the lecond order") ~ x 2 = -; therefore - + -h + -L + Sec.= i. . 

J 8 .4 3 IS 35 2 

Alfo, as —h_—-L +4 + -r+Sec..; if we write 2, 4, 6, &c. for 


X —-I 9T X 

I .1,1 


;c, we have h + —+ —+Jtc.= (by Tab. 3.) k"+C /f + K" + 
£) 1 5 35 


&c. = -; but, by Prop. 1. A // + B // + C" 4- D v 4- See. = hyp. log. 
2; hence B r/ + D v + F" + Sec. = — - 4-hyp. log. 2. 

2* a X 2 J 

Ex. 3. Let the general term be —- = ^ 4-^ 4--- +&c., and, 

by writing 2, 3, 4, &c. for x, we have J- +^ + ^+ &c. = 
•B+E+H + &c, = ,221689395104. 
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Ex. 4. Let the general term be -4— = — + — 4. -i—.4- &c., 

D 3A 4 —2 3-e 4 9# 2,A- lz ’ 

and, by writing 2. 2 4, &c. for x, &c. we have -4 + — + -4, + &c. 
0 ^ 46 241 766 

l_C-f dG -}~L-f &c. = ,028385252052. 

Ex. c. To find the fum of the feiies - - -4 + 4- —-J- 4- &c. 
J 9 26 65 124 

If we write 2, — 3, 4, -5, &c. for x, the general term will 
be l4r = A T-^ + ^ -^4 + &c. Now, by writing 2, -3, 4, 
— 5, &c. for the feriefes of which -L , L» &c. are the ge¬ 
neral terms, will be alternately + and —, and therefore their 
fums will be found in Tab. 2. and the feriefes of which 

•L 4r, &c. are the general terms will have their terms all + , 

and therefore their fums will be found in Tab. 1. Hence 
the fum required = b + h + o+ &c. — E —L —R— &c. = 
,08-800^3.803. 


PROP. III. 

To find the fm of the fums of the reef roods of the odd 
power* m 'I ab. 2. 

By divifion -—-— —4 + - 3 - 4- 4r + 4 + & c - 5 hence by writ- 

X — 1 X X x A x x 

ing 2, -3. 4, — f &c. for x, the fums of the feriefes of which 
L, &lc are the general terms, may be found by Tab. 2. 

and the other fums ly Tab. 1. ; hence -i-4- — 4. —L 4. & c . 

1.2 3.4 5.6 

= A + C4£f &c. + b-bd+f + dec.; but — — 4- —■4- —h_ 4- 

X . 2 3 * *r S • » 

&C. 



of Infinite Sji L’s. 

&c. = — i -f 2 hyp. log. 2 ; and by Prop. r. A + c+: 
■2 ; hence h +d +/+&?■ = — - + 2 hyp. log. 2 . 


PROP. IV. 

the fum of the infinite forks vohcfe genera! term ii 


MX dzn 


By divifion —^ 


n n 


r , r 5 2 2 r —I 2 or—I 

/7ijv rh# #«? /?;«&* 


6 cc. ad inf. 


s 

hence the fum of the feries of which —h_— is the general term, 

mx dz?i 

is found as in Prop. 2. Here r muft be greater than s at leaft 
by z, otherwife the fum will be infinite. 

Ex. i. Let the general term be -f— = — L 4- 4 « — &c.; 

X Hp I X X X 

hence if for x we write 2, o, 4, &c. we have — + —• + — 4- 

17 82 257 

&c. = A - E + I —N+ &c. =,538527924^23.—If for x we 

write 2, 4, 6, &c. we get — JU— + -^r 4- &c. = A" - E" 4- Y f 

-N"4- &c. = ,396257616555. 

Ex. 2. Let the general term be -fi -— = _L 4- J_ 4- _L_ 4. . 

^ x 3^ 9 ^r 5 27# 

hence if we write 2, q, 4, &c. for .v, we have — 4- J- + — 4- &c, = 
3 ‘ 23 80 191 * 

- A4- -D4-— 1 G-j-&c. = ,219238483448. 

3 9 

By this proposition we may find the fum of any feries whole 
general term is -*-■* — — ffL — ; for this refolves itfelf into 

& tnx r ~Ln 


0 % hx 

--- ^ — 3 

tizM 

£ 


&c. &c,, the fum of each of which feries is 
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found by this proportion. Now the r+.th differences of the 

numerators of this general term are = o, and therefore it com- 

prehends all feries under fuch circumftances. For example, let 

, • r ■ 4 a. 13 -5- 26 43 -. Here the third dif- 

the given feries be - + ^ + — ? ■ 6a6 * 

fercnces of the numerators = o; to find therefore the general 
expXr for the numerator, affume for it; and, 

by writing 2, 3, 4, for *, we have 4*4-2^-4, 9 a + 3^+- 

= 13, i6<J-H^+ c== 26 ; hence a=2, h= -1, c_ -2; 

and as the denominator is manifeftly V+i, the general term 

2* 1 _f___1_ eaC h of which being 

will be . -7T7 ^.4 + I *« + i’ 

made the general term of a feries, their fum will be found to 

be refpeaively 1,077055849446, o,i 9 4 t 73 ® 22I 45 , < and 

0,156955159332; hence the fum of the given feries is 

0,725927667969. t t 

If i be negative, the general term becomes-- = - „/+* 


“ . irf 1 “ m s x ¥ J r 5 

ffl S6 * W * 


:&C* 


&C. 


1 * 2 . 


Ex. 1 . To find the fum of 

ad inf. Here the general term 1S — x * x 7+i #x**- 
^ + J_.+ i 7 4 -&c.; hence, by writing 2 , - 3 , 4, ~5, for 
twe have, the- fum *3+4/+ &c * = ( b 7 Pro P* 3*) " 
■1 +2 Hyp. log* 2- 


If 


X—l X* 3 X*+1 

_E 1 - 1 
*5 


be the general term it refolves itfelf into 


4 . JL 4 -J-+&C.; confequently the fum of — 


2 3 .2 2 .3 3 . A 
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4- _— l —_ — &c. = - b - ■£■-{- 2 hyp. log. 2. In like manner the 

fum of —---!-h-&c. == — b— d — - 4- 

1 . 4} . 3 2 . 3^. 4 3.4 s . 5 4 1 

-2 hvp. log. 2. Thus we may proceed as far as we pleafe by 
adding two powers to the middle term; and hence this remark¬ 
able property of the feriefes, that the difference of the fums of 
the feriefes where the middle term is x, x\ &c. is b, J, f 
&c. refpcdiveiy. 

Ex. 2. In like manner if the general term be 1 , 

w iX4x*4-i 


and we write 2, 2, 4, &c. for x, we have ——E-)- —~— 

J i .2 5 . 3 2.33.3 

4 - L -4-&C. =D-f-F-p-H4-&c. *= (by Prop. 1.) I - B. 

Hence alfo -—- + --- - + &c. = -h - B - D; and fo on as 

* * 2 * 3 ^ • o * 4 4 * 

before. 

If the general term be tinder the form —- 1 _ : , it 

x n . x+m 


■will be -moft -convenient to refolve it thus: by divifiott 


I l m . m“ 0 . 

—— -r+—- - &c. =±= 

x + m x x x 3 


m 


hence 


X-\~m 


x * x 4- m 


x^m 


1 , m 
— + — 

* x* 


OT' 


4- See* x —-= 

* n 


m 


x . x + m 


. m 7TV* t n 

&c. X 


m 


n $ 


■where the fign on the left hand will be 4- or — according as n 
is even or odd, and the number of terms on the right is = ». 

Now the fum of the feries whofe general term is —=2=- is 

X * X + m 

■well known, and the fums of the other are found from the 
tables. 


a*. 3 


Ex. 1. To find the fum of 
Vol. LXXXI. S f 


4+4+&**/»/. 

3*4 4*5 

Here 
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Here the general term is——==* 

0 rxA-fi 


■—=L= + -j» and by writing; 
x • x -f- x x 


&c. -f 


2, 3. 4, &c. for we have the fum= 

A = - - -f A. In like manner -J— + + r— + & c - : 

2 ^ 2 3 . 3 4 . 5 6 . 7 


14 


hyp.log,2-4 A". Alfo—-; 


5 3 J • ^ ^ 


4 _JL + &c. =-i - 3A + 9B.X 


12. 


1 

27 


If 'm be negative, then 


m 


m m 


X • X — 771 X • A*— 772 


_ZL_&c.x 

A 3 


I 

at ’ 

m 


Hence 


1 3* , 2 4* 3. 


1 + &c. =1 -A-B-C4 and fo on 
» 

for others of the fame kind. 

If the general term be under this form - —> -then, in 

■* O r# a* . ■* 

X . 4* w 


like manner, we have 


it r fi * * • « tl ,jl 

X . ax +m a * + »* 6* „ ^ * 


Si C» 


x —, where the fign on the left hand will be -f or-, accord- 

771 

xng as r is even or odd, and the number of terms on the right 
is = r +1. 

Ex. i. To. find the fum of ^+~ To +^ T? + &c. 

, Here m—i y n = 2, r=2, a=i, and the general term- r -L= 

h + -i ; now the fum of the feries- whofe general. 

i / . 

term isis =,576674037469, by Prop. 2. ; confequently 
the fum required = ,5766.74037469 - A + C = ,014063204332., 

, Ex. 2 . If' the given feries be -4 +■ &c. the 

■" ' general! 
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general term will be - - = 

^ x" . x-r I 

writing ", 3, 4, Sec, for x 9 we have the iu-h 
+ A = ,0682600293b, 

1 


x* -r * * 


3°7 

hence, by 
576674037469 


If m be negative, then 


. c ix T —m ax — hl 


a~x 


— &c. 


Ex, 1. To find the fum of 
El ere the general term is 


• + : 


1.2 . 3 ' 2 . 
1 


3*4 3•4 • S 

x 1 


- -f &C. 


% _ X X X ,* 4 ! X % X j, _• 1 x "— £ 3 


now, by writing 2, 3, 4, 60c. for x, the fum of the feries 
whole general term is 


-is= -, by Prop. 2.; hence the fum 

x —1 4 


required = 3 _ A. 


Ex. 2. Let the given feries be -— 


+ 


1 -a' *3 3 *4“ *5 5*^*7 

&c. Here the general term is the fame as before, writing 2, 
4, 6, &c. for x ; and, by Prop. 2. the fum of the feries whofe 

general term is —is = h; hence the fum = - — A.". 

X — X 2 2 

Ex. 3. In like manner the fum of the feries — r —— -f. 1 

*2 I * 2, 4 . Z J 


2 . J 4 * 4 3.4 4 - S 


+ &C. = , 22 1689395104-6. 


Ex. 4. To find the fum of 


+ 


+ &c. Here the general term is 


3.4.5 3 . 9- . 10 15 . 16* . 17 

1 1 


X s "— X X .’. 4 X X +1 X* X 


= —-L; but the fum of the feries whofe general term is 

is = ,086662976264; hence the fum required = 
,086462976264 - C, 


S f 2 


PROP. 
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prop. v. 

T?findthe fum of the infinite feries y + ^ + + Hr 

&c. 

In this feries the fourth differences of the denominators 
[s=o; therefore the general term muff be reprefented by 

a 3 fJTTIx+T 5 wr ^ te therefore 2, 3, 4, &c. for x, and we have 

8<3 + 4i + 2C-pd= 15, 27*2 4- 4- 3c 4- d-=z 40, 64*2 4-16^4-4c 
4-^ = 8^, 125114-25^4- 5^ + ^= 156 ; hence a—i^b—i, c=i t 

d=*i. and the general term is —~-“ 4 - - 4 4-4 “4 -f* 

&c.; hence the fum = B — C + F»G -f K— L 4- &c, 
,1242700^65. 


PROP. VI. 

To find the fum of ff 4- 4- -1 4. See. ad inf. 

The general term = -=4=5 *4 —% ~-f + & c >; hence, by 

writing 2, 3, 4, &c„ for x, we have the fum=B —2D4-3F 
,~&c =,14711,5771469. 

Iii like manner 4 + ir+'-v H~ &c. = B4-2D 4- 3F 4- &c. = 

3 ® 25 

' >312498999865,- 


P R O P. 
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PROP, VII* 


To find the Jum cf 


3" • 5" b.icr 15 *17 


zr~~i+ &c. ad inf. 


The general term is - —= -, — 4 + A 4- + &c. 

hence, by writing 2, 3, 4, &c. for we have the fum = 
G-f-2L+3p + &c.=,009447690684. 


prop. vnr. 


•To find thi Jwn. of ia , ~r .- 4 .+rrfr?' 


inf. 


Here the general term is = r ? 


T + “+—,-f &c. 


* — I . A 3 . A- 4- I at X X 


and hence the fum = H + 3K 4- 6M + &c.=,00470714833 7. 


PROP. IX. 

To find the fum of the infinite feries 1 ~-~ + ^ ~~~+ &C, 

being a feries of the reciprocal of the figurative numbers of the 
£ rd order , having the figns alternately -f- and —. 

This feries, by refolving two terms into one, becomes 

—A -1-i-j- £— 4. See, whofe general .term,, by wri- 

j *2.33.4*5 5 - b -r & J 

ting 2, 4, € r &c. for x, is „■ + 4--f T & c *' 

confequently the fum — 4B"-i-fiD"+4ld /f -b &c.*= (by Cor- 
Ex. 2. Prog. 2.) - 2 + 4 hyp-log. 2.. 

< 2 or;. 
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Cor. -Hence, as i-h~ + \ +i+&c.= 2 , we have i + l + 
— + &c .=2 hyp. log. 2 , and ■! + £ + £ + &c. = 2-2 hyp, 
log.. 2 . 


TROT. X. 

Vo jSW the fum of the infinite fenes 1 ~ ~ + f 0 ~ 20 4- &c« . 

being the reciprocals of the figurative numbers of the 4 th order , 
having the figns alternately + — • 

If we write 2, -3, 4, -5, &c. for *, the general term 
will be + -v + &c,; hence the fum required = 

— x z 5 x * 

63 + 6i+6/+&c.= (by Prop. 3.) -71 + 12 hyp. log, 2. 

Cor. Becaufe the fum of 1 +■— + — + —+ &c, ■== -^- j there- 

4 lO 20 2 

fore i4 1 h + i + &c.=: -3 + 6hyp. log.2; and^- + A + ^ +j 
„&c. = 4f - 6 hyp. log. 2. 


' " - prop. xr. 

5 T<? 9W the fum of 1 —j + 1 + 2 + &c. W infinitum . 

1*3 2 * 4 3*5 

The geueral term, by writing 2, 3, 4, &c. for x, is 
=fi- — t = 4 -+ 4 - + 4 + See.; hence the fum = A + 2C + 2E, 

jt-i.xj t+i" * **.. •* 1 J 

. 4-& c * = ,884966993407. 
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PROP. XII, 


To find the fum of 
finltum. 


i • 2. , y 2.5 .4“ 3. 4 ‘ • 5 


- "I* Seen ad m * 


Here the general term, by writing 2, 3, 4, &c. for x, is 


" T +4+ 9 + — &c.; confe- 

A' .*>* a? V U **“ , 4 - 4- 


A- I « A » ^4* I 

queutlv the fum = E— 2F4-4G — 6H4-9I — 12K + &c. 
,010370398482. 


?EO?, XIII. 

To find the fum of |A—|B + ^C — See. ad infinitum. 


The hyp. log. 2 = 1— — — - + ~ 


&c. — * 4 4 " — 4 


&c. — —-— — &c.; hence 2 x hyp. log. 2,or hyp. log. 4, 


- + - + - + &C.-I ----- 
* 3 5 23 


See. Now, by divifion, 


= - — 4 + -4 -tA-T&c. ; hence, by writing; 2. 2,1, &c. 

. .. ix z 4>. b- 

for a:, we have (after tranfpofition) ~ + ^ + Scc. - I - -h - -h 
— &c,= - |A + IB — 4C+&C.; hence, by adding equal quan¬ 
tities to each fide, we have — + - + - + See. — -— - —- - 

x 3 5 234 

&c. = - -fA + |B — i-C-f&c., confequently fA — IB + 4C- 
3 

See. = - - — - — - — - &c. +1 +1 + - +&c. ss - -hyp.log.4, 
^ x ^ 5 ^3 ^ * * *-# * 
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prop. xiv. 


ifutd the fum of the tn 


inf rite fcries ^ . 9 + &C * 


The general term, by writing 2, 3> 4, &=• for *’ “ 
x _ 1 _ i_+ _L - &c.; hence the fum=|A - jB + i-C. 

z=== T = Z ~~ 2X Z 4 x s 8a 4 

-&cT=CbyProp.. 3 .)4-hyp-H-4- 


PROP. XV. 


I X f - 

To find the fum of i+ -+- +. 0 

, * i , x , i_ + J_ + &c.; confequently 

The hyp. log- — - ; + S? + 

* 1 i J_ _& c =-; hence, if we write 

hyp- 

i,3,4,&c.for^, we have hyp. log.h + hyp. log. -,4- &c. 

- 4 *i+-? +&c . 


I 

_i.x — + 4 + &C..... 

4 ^ 3 

_ &c. &C. &C - 


. + i +1 +&=. .. • i 4 bnt hyp. log- i+hyp- log- 7 +'■ 

hyp. log.&c .hyp.log. —=l'yP- 1 °S-T a 3 1 

. r x i x t A./. - — n the 


• = hyp. log. x; alfo ^ + ^ + &c.... 


7 
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fam of the fame feries rd infinitum, minus the fum of all the terms 

c- _ 1 _ /'if v jl T = A — -___ l —-h — -— 7 + &c.; in 

±rom -r V* «>. I 7 V o B 6 . 3 30 n 3 427J 7 


|rom-r = lir » +x = wj —-^-r— — 7 * —’ 

the fame manner i- 3 + -!+&<:. . . . -^3 = B “ — 

_L_ j-&c.; and fo on for the other feriefes ; hence, by fub- 

ivf 

ftitution, and adding unity to each fide, we have hyp. log. 

»+ 1 “|A-dB- *C -&C.+ ^ + l[f? + ^ + na? + 5? + a^I? 

+ JL + Ji-5+&c.sH-I + i + J + &c-I; but i-|A- 

7» 240** v 

= ,577215664901; hence 1 4 - I + - + &c* 

, . . . h—hyp. log. .v + ,577215664901 + ~ + ~-hp+ 7^4 
4 . -L-+ -dL- 4 ~ J— + ——-• + Sec. 

^5» 5 T 25 a/. 6 7 « 2 4 °" 

Ex. x. Let v= iooco; then 

hyp. log. 10000=9,210340371976 
conft. quant. = ,5772x5664901 

_i = ,000049995000 

% 1 l 

JL-— ,000000004166 

I Vi 1 

"therefore the fum required - 9,787606036043 
Ex. 2. Let a?= 10000000; then 

hyp. log. 10000000 = 16,118095650958 
conft. quant. = , 577 2I 5 ^^ 4 - 9 01 

JL = ,000000049999 

2 n 

therefore the fum required =16,695 311365858 


Vol. LXXXI. 


HOP. 
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prop. xvi. 

<f 0 f n d the value of * x |3 x y * J x &c. ad infinitum , fiuppofin^ 
the general term to be a rational funSiion of x. 

Let 7T be the general term, then refolve ^ into an. infinite 

feries, and take the fluent on both fides; then write 2, 3, 4, 
&c. for *, and one fide will become the hyp. log. of the given 
feries, and the value of the other fide may be found from the 
tables. 

Ex. 1. To find the value of | x \ x i| x &c. ad infinitum. 

« X 1 W _ 2 V 

Here the general term is —-5 hence— - -^3;- ” 

hence the hyp. log. + + & c « 

Write 2,3, 4, &c. for x, and we have the hyp. log. j+ hyp. log. 

9 + b yp . log. — 4-&c. = A+ §C + fE-f &c. = ,693147180574, 
8 s 5 

which is the hyp. log. 2; but hyp. log. d + hyp. log. | + 
hyp. log.| + &c. = hyp. log. | x 9 x l ± x &c. confequently 

L x I X — X See. = 2 . 

3 8 15 

Ex. 2. To find the value of ^ x x || x &c. ^ infinitum. 
Here the general term is ; hence j = “ j*T ~ 

3 £_ 3 |_acc.; hence the hyp. log. = i + -L + + &c. 

*V 

8 

Write 2, 3, 4, &c. for x, and we have hyp. log. - -f hyp. log. 
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tl+hyp.log-|!+&c. = B-i-lE-f|H4-&c. = J 2i 1466250444 ; 

dr hyp. log.} 4 ^ x &c. =,2x1466x50444! h»cel x, 

rlx 6 -dx&c.= 1,627295, &c. ' 

26 Hence we may find the value of fuch a quantity, fuppoflng 
the number of fadors to be finite. 

I 3 O.V 

Ex. To find the value of fi x x - x &e.to • 
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5 X 1 . Experiments and Qbfrvaiions to invejtigate the Compojitiaw 
of James’s Powder. By George Peaifon, M. D, F. R. 
communicated by Sir Jofeph Banks, Bart, P, R, S. 


Read June 23, 1791. 

T HE medicine upon which many physicians principally 7 
depend in the cure of continued fevers is James’s Pow¬ 
der; but, although it has been very extensively ufed above 
thirty years, the public have not, t believe, been informed 
of the particular nature of this fubilance. This powder was- 
originally a patent medicine; but it is well known that it can¬ 
not be prepared by following the direftions of the fpecificatioji 
in the Court of Chancery. Prefuming that I have made feme 
experiments and obfervations which may explain the nature 
and manner of preparing this medicine, and, perhaps, may 
extend the hiftory of antimony; 1 beg leave to have the honour 
of prefenting an account of them to the Royal Society. 

Senfble properties of James’s Powder. 

Some parcels of this preparation are white, but in general it 
has a yellowifh caft; and this fhade is more evident in fome 
fpecimens than in others. It is faid, that this powder cannot, 
in general, be made at different times of precifely the fame 
fhade of yellow or degree of whitenefs. Sometimes with the 
aid of a lens a few very fmall fhining fptcula are feen mixed 
with powder. When preffed between the fingers it feels 

fmooth,. 
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fmooth, with fome rather rough particles, and it is gritty ia 
the mouth. Moll parcels at firft are taftelefs; but in about a 
minute there is a flight brafly tafte. It is perfectly inodorous. 

Specific gravity. 

This powder feels much heavier than any of the common 
earths and ftones in a pulverized ftate. One of the phials, 
nearly full, in which it is fold, reckoned to hold a quantity 
equal to twelve packets, or 480 grains, contained 470 grains 
troy weight of James’s powder. This phial, filled with dis¬ 
tilled water to the fame height that it had been by the powder, 
was found to contain nearly four drachm- meafures, or about 
340 grains, of this liquid *. 

Effects of fire. 

Xfi) The exterior part of the flame of a candle applied, by 
means of the blow-pipe, to about one, two, and three grains 
of James’s Powder on charcoal, and alfb in the fpoon, only 
made it yeliowifir while hot, but, on cooling, this colour difap- 
peared. The interior and hotteft part of the blue flame turned 
this powder yellow, and when continued fo as to ignite it, a 
white inodorous fume or vapour arofe, which foon ceafed; 
and though the heat was continued, the powder neither ap¬ 
peared to diminilh nor melt; but, on cooling, a flightl-y co- 

* After this’Paper had been read, an experiment, in a different manner, was 
made to afcertain the decide granty-o-f this powder. The quantity which nearly 
filled a phial weighed 447 gr.aias; and filling the fame phial-, to the fame height, 
with diftill'ed water, the temperature of which was 65°, the water weighed 250,® 
grains. The reafon of the variation in thefe refnlts, in making ufe of different , 
paroels of this medicine, will be 4 t 6 tribTisj from the following aecdnet of its 
■axrtEfhe-. id* fpecific 
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hering white folid, about three-fourths of the original weight 
of the powder, was left. If the flame was fuddenly with¬ 
drawn, as foon as the white fumes appeared, they afcended 
with a kind of revolving motion. 

(b) Two grains of this powder, mixed with about thiee of 
pulverized taitar, being expofed on charcoal to flame applied 
by the blow-pipe, the mixture turned black, boiled, and fwelled ; 
and by continuing to apply the flame, the coaly matter of the- 
tartar difappeared, a part of the mixture fufed, and in that 
flate feveial fmall, filvery, apparently metallic grains were 
perceived. On cooling, they were feen with the naked eye, 
or with a lens, adhering to an iiregularly figured, partially 
melted, whitifh mafs. On a fecond application of the flame, 
thefe metallic globules difappeared. 

(c) James’s Powder, with glafs of phofphoric acid, melted 
into an opaque yellowifh globule while hot, which on cooling 
grew whitifh. 

(d) This Powder, with feveial times its weight of melted 
borax, affoided a colouilefs tranfparent glafs while fluid; but,, 
on adding a larger proportion of powder, the globule turned 
opaque, and when cold b came of a milky whitenefs. As 
the James’s Powder mix-d, or melted, with the fufed fait, flight 
explofions were feveral times heard. 

( e ) With foffil alkali, in the fpoon, this powder apparently 
fufed, and afforded a colouriels ttaniparent fluid in a fiate of 
rotatory motion; but on cooling it grew opaque, and had a 
, horny appearance. 

(f) ioo grains of this powder in a two-inch Englilh cru¬ 
cible, the cover of which was luted on it as clofely as poffible, 
were expofed above two hours to a fierce fire m a melting fur¬ 
nace. On breaking this crucible, when cold, the powder was 
c found 



^zo Dr. Pjs arson’s Experiments and Objeroatimis 
found changed into an entire veiy hard white folid, receiving 
its figure fiotn the veflel, and weighed 95 grains. On break¬ 
ing this hard folid, the lower pait of it feemed to be vitrified, 
or in a ftate of enamel; and being powdered, it afforded a much 
whiter powder, and of gieater fpeciffc gravity, than before. The 
degree of fiie denoted by Wedgwood’s pyrometer was 166°. 

Tliefe experiments indicated the prefence of a metallic calx, 
a part at leaf! of which was that of antimony, mixed with 
eat thy matter. 


Experiments •with different menpirua applied to James’s Powder , 

L With water. 

300 grains of this powder were digefled for feveral hours in 
twenty-feven ounces of diftilled water, and then boiled for one 
hour. While boiling the water appeared milky ; but in half a 
minute’s time, after withdrawing the lamp over which it boiled, 
the liquid became nearly clear, and the fediment depofited was 
apparently the powder undiminifhed in quantity, and in other 
iefpe£ts unalteied. While hot the liquid was decanted upon a 
filter of feveial folds of paper previoufly weighed, thiough 
which twenty ounces of quite clear liquid, like water, readily 
palled. Veiy little powder could be perceived on the filter; 
but when it was well dried, it weighed fourteen grains more 
than befoie the expetiment. The filtered liquor was taftelefi. 
In about three quarters of an hour it grew {lightly turbid , and 
in ten minutes after became milky. On {landing eight days 
longer, the milkmefs dirainifhed, and a fmall quantity, per¬ 
haps four grains, of clofe white fediment, fiimly adhering to the 
fides of the veffel, were depofited. A little of this {lightly 
milky fluid being made hot, it grew quite clear, and on cooling 
7 turned 
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turned milky as before, or depofited a fediment; therefore, 
this miikinefs depended on ccld water diffolving a fmaller 
proportion of James’s Powder than hot water. The whole of 
the filtered milky liquor was poured upon a filter as before, 
to rough which it palled without any diminution of its turbid 
appearance ; and, on drying, the filter was found to have in- 
creafed only a qua iter of a grain in weight. Some of the 
vapour that arofe during the ebullition being con den fed was 
found to be pure water. 

On a repetition of this experiment the phenomena above 
related were always obferved; but the femi-vitrified James’s 
Powder above-mentioned (jf) afforded a much lefs milky fluid 
and fediment than the powder ufed in the preceding experiment. 

In order to determine the kind of fubHances in water 
after boiling in it James’s Powder, the following re-agents 
were added to the above filtered liquor. 

1. Acid of fugar fometimes occafioned immediately more 
turbidnefs, and at other times transparency was inHantly pro¬ 
duced ; but in all cafes, on Handing, more fediment fell than 
from the filtered liquor alone. 

2. Muriated barytes in about an hour rendered this liquid 
evidently more turbid, and on Handing more fediment was 
depofited than from the filtered liquid to which nothing had 
been added. 

3. JLtme-water occafioned immediately a curdy appearance. 

4. Infufion of turnfole was fometimes turned to a flight 
led j but in general it was not altered in colour. 

5. Nitre of filver produced in a few hours a flight fediment. 

6. Pruffianated alkali of tartar occafioned no alteration im¬ 
mediately, nor for four days after adding acetous ►acid to this 
mixture. 

Vol. LXXXL U n 
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7. Mild alkali of tartar, and likewife mild foffil alkali', 
though boiled in this liquor, did not occafion any additional 
precipitation. 

The fediment that fell, on merely {landing, from the above 
filtered liquid, was nest examined. 

1. It did not diffolve in 100 times its weight of boiling hot 
concentrated acetous acid j nor, 

2. Was it apparently a&ed upon by boiling with mild alkali 
of tartar; for, after decanting the clear liquid of this mixture, 
the fediment from it was not diffolved by a large quantity of 
acetous acid, but readily by marine acid, 

3" This fediment immediately difappeared on pouring upon. 
It a much fmaller quantity of marine acid, and alfo of add of 
nitre, than had been applied of acetous acid, without any folu- 
tion enfuing. 

4. To one portion of this folution in marine add juft 
mentioned, was added gradually lixivium of. alkali' 0 f- 
tartar; after the effervefcence had ceafed. to be produced, the- 
firfl: drop oceafioned a turbid appearance, and the liquid did not 
grow clear again on adding a large proportion of vinegar to- 
make it four. 

5. Another portion of this folution in marine acid,, 
being boiled to carry off the fuperabundaut acid, was 
poured into a large proportion of lime-water, by which it was 
rendered cloudy, and did not become clear again 011 adding; 
concentrated acetous acid to make it four- 

^ third portion of this iolution in marine acid, from'; 
which the redundant acid haffbeea carried off twenty drops of 
Pruffap. alkaline lixivium were added, which immediately 
turned it, of a hluifh ca | f| i without difturbing its tranfparency;. 
and, after ftanding four days, a fmaller quantity of pale hluer 

fediment. 
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fediment was depofited than had fallen from a quantity of 
diftilled water equal to this muriatic folution, to which had 
been added twenty drops of this Pruffian alkaline lixivium, and 
one-fourth part of a diop of muriatqd antimony. The fame 
Pruffian alkali mixed with vinegar, on Handing, turned bluifh, 
but depofited nothing. 

7. Though the fediment that fell in the filtered fluid, p. 
320. on merely /landing, diffolved in' the nitrous acid as above 
mentioned; yet, when this acid was added in a fmaller 
proportion, but to render the mixture four, a partial folution. 
only took place. On adding, however, a very fmall quantity 
of marine acid, the folution was total, and with lefs fuper- 
abundance of this menftruum than of the nitrous acid in 
which a part remained undiffolved. This folution 

{a) With water depofited Algaroth powder: 

(£) With Pruffian alkali turned bluifh, and, on Handing, * 
ibaall quantity of fediment took place, 

(f) A bright plate of copper, immetfed in this folution, 
did not appear to be at all whitened, or rendered paler. 

(d) Muriated barytes rendered this folution very turbid 
inflantly. 

(e) Acid of fugar produced no change, except in two or 
•three days a very minute portion of fediment; but the faccha- 
rated foda immediately occafioned a flight precipitation. 

(/) Alkali of tartar, fully aerated, rendered this folution 
/lightly turbid j but cauflic mineral alkali induced no change. 

(g) Lime-water, in a fmall proportion, did not aftedfc the 
tranfparency; but in a larger produced copious clouds. 

The James’s Powder which afforded the folution in water, 
on which the experiments above related were made, was 
boiled a feebnd time in eighteen ounces of diftilled water for 
1 U u 2 two 



324 Z)r. Pearson’s Experiments and Ohfervations 
two hours. The decanted and filtered liquid on cooling grew 
lefs turbid than before, p. 320. and depofited lefs fediment. 
The filter, on drying, was found to have gained ten grains, 
though very little pow r der could be feen upon it. The 
experiments above related, were made on this filtered 
liquor, and in a (lighter degree the fame appearances were 
obferved. 

The James’s Powder remaining after thefe experiments, 
being well dried, weighed 260 grains, and therefore was found 
to have loft 40 grains, partly by folution in water, but ftill 
more by its adhering to the filters. 

I wifhed to know the proportion in which James’s Powder 
diSolved in water; and therefore evaporated, in a very thin 
light glafs pan, previoufly weighed, twenty-four ounces of 
the filtered liquids, p. 320. and p. 324. Very little precipita¬ 
ted matter appeared till nearly the whole of the liquor was 
evaporated; and, when the whole was carried off, a taftelefs 
whitifh, leafy, or mica-like fediment, but in fome parts black, 
w'as left, that weighed fix grains. This fediment required 
above 100 times its weight of hot water to diffolve it. It was 
boiled in 500 times its weight of diftilled water, and it paffed 
through feveral folds of filtering paper rather turbid even while 
hot; nor could it be rendered clear by repeated filtration 
through paper. This filtered liquid, 

(ff) With infufion of turnfole and turmeric, betrayed no 
alkaline fubftance, nor decifively any acidity. 

{i>) Lime-water rendered it curdy; and on adding vinegar, 
it grew milky. 

(<0 With acid of fugar it grew clear; but, on (landing, 
waa more turbid than before, 

{d) Salited 
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(d) Salited barytes made It inftantly turbid. 

(f) Alkalies, mild and cauftic, induced no change. 

(y) Pruffian alkali produced only a clear greenifh colour, 
after the addition of vinegar, and long Handing. 

(g) A very fmall quantity of marine acid rendered it quite 
clear; but it required much more nitrous acid to produce this 
effeft; and this mixture did not whiten copper. 

(H) With nitre of filver the filtered liquor turned of a 
fomewhat bluifh hue, and afterwards curdy. 

The undiflolved matter that remained on the filter, p. 324. 

1. 22. above mentioned, appeared, on examination, to be the fame 
kind of fubftance, with a larger proportion of iron, as that 
which was dilfolved by water, the experiments on which have 
been juft mentioned. In particular, it afforded Algaroth 
powder, but did not whiten, in the fmalleft degree, a copper 
plate. 

The following conclufions may, perhaps, be juftifiably 
drawn from thefe experiments on James’s Powder with 
water. 

1. That the whole, or a part, is foluble, or at leaft may be 
fufpended, in about 2000 times its weight of pure water cold; 
and in about half this quantity of boiling water. 

2. That this folution contains calcareous earth united to an 
acid, or fome other fubftance, from which it cannot be dif- 
united by cauftic or mild fixed alkalies; therefore, the preci¬ 
pitation by muriated barytes cannot be referred to vitriolated 
lime. 

3. That this folution contains a metallic calx, a part of 
which at leaft is that of antimony uncombined, or at leaft not 
united to any acid with which it forms a compound foluble in 
water. 


4. That 
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4. That the fubdance in the nitrous foliation of the part of 
James’s Powder that had been dixTolved in water, which pre¬ 
cipitates lime from lime-water, arid which precipitate is not 
foluble in a large quantity of vinegar, is, probably, pholphoric 
acid from phofphorated lime decompofed by nitrous acid. 

The precipitation by muriated barytes and nitrated filvef 
could not' be from vitriolic and marine acids confidently with, 
the preceding experiments; and I could not have conjectured 
what was the ingredient in James’s. Powder which occafions it, 
if I had not found, that muriated barytes is not only a ted of 
vitriolic but of phofphoric acid united to lime and alkalies ; 
and the acid of phofphorus will alfo produce a turbid appear¬ 
ance with nitrated filver. The calx of iron, in the above 
experiments, is in perhaps too fmail a quantity to he: eonfidered 
in any other light than as an accidental fubfiance* 

II. With acetous acid . 

The 260 grains of James’s Powder, remaining after boil¬ 
ing 300 grains of it in diddled water, and after the una¬ 
voidable wade of it in the above experiments with water, 
were put into a. tubulated retort rhat would contain four ounce- 
meafures, on which were poured three ounces of concentrated 
acetous acid, the Ipecific gravity of which was as 106 to 100, 
the neck of the retort being immerfed in quickfilver, and the 
tubulated part being immediately clofely flopped. No effer- 
vefcence was perceived; nor did,any eladic fluid rife during 
twenty-four hours into an inverted: vedel of quickfilver; and 
when heat, was appfiedrte boil the.acid, ^nothing* but the com¬ 
mon ait of rptq*| apd: a-little water and acetous acid cam® 
over. 
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This mixture of acetous acid and powder being poured, 
while hot, on a filter of two folds of paper, a clear and co« 
tourlefs liquid paffed through, that remained fo, w he , cold, 
without any lediment. The filter, with the pow der upon it, 
being well dried, weighed ten grains more than the fum of 
their weight feparately before the experiment; but the powder 
being carefully fcraped off weighed only a little more than 24 o 
grains, and appeared to have fuffered no change in its pro¬ 
perties. 

This filtered liquor was fubjected to diftillation ; it remained 
clear till about half of it had come over: but then it became 
rather turbid, and grew more fo to the end of the difrillation. 
There remained in the retort apparently four or five grains of 
brown fediment, that adhered very clofely to the bottom and 
fides of it, nearly half as high as the liquid reached. 

ill. This acetous acid, in which James’s Powder had 
been boiled, and afterwards diftilled, was found to contain 
no earth, fait, or metallic matter: nor did the acid itfelf 
appear to be altered in its chemical qualities. 

2dly, The refiduum in the retort had no tafte. It did not 
appear to dlffolve by trituration in one ounce of diftilled water,, 
nor in lixivium of alkali of tartar, mild or cauffic. After 
boiling this refiduum in one and a half ounce of water, part 
of it feemed to be diflolved; and this folution being filtered 
was examined with the following re-agents. 

{a) Acid of fugar rendered it turbid, and tranfparency did 
not enfue on adding a further quantity of this acid. 

(f) Muriated barytes produced a confiderable turbidneis,, 
which was not removed by adding concentrated acetous acid, 
(c) Nitrated filver induced a flight turbid appearance. 

Mid alkalies induced no vifible change. 


(<?) Fruffianated 
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(/) Pruffianated foffil alkali occafioned a very flight opal 
coloured appearance, and after {landing fix days a very fmall 
quantity of whitifh fediment was thrown down, which dif- 
folved on concentrated acetous add being added, and the liquid 
turned greenifh ; but, after {landing, a little green ifh fediment 
was depofited, not, however, apparently more than was produced 
by a mixture of this Pruffian alkali, acetous acid, and water.. 

(/) Phofphorated foffil alkali produced no turbidnefs or 
precipitation on {landing a week; but on the addition or xo"© 
gr. of nitrated mercury (which had been made by fully 
faturating the nitrous acid with mercury) the mixture grew 
xuilantly thick, and depofited a copious white fediment. 

3 dly, The remainder of the refiduum, in the retort 
above mentioned to have been left after diftilling to dry- 
nefs acetous acid in which James’s Powder had been boiled, 
did not totally diffolve in a large proportion of nitrous acid 
diluted; but was wholly taken up on adding a little marine 
acid. A great part of the fuperabundant acid of this folution 
being carried off by evaporation, it was examined with the 
following fubftances. 

(a) Adding a little of it to a large proportion of water, 
milk'mefs enfued. 

(P) The lame appearance took place with a large proportion 
of lime-water. 

(c) A turbid bluiffi colour was produced on adding Pruffian 
mineral alkali, and on {landing a bluiffi fediment took place. 

(i ) A poliffied copper plate was not at all whitened by im- 
merfion in this folution 5 but, 011 adding to it -y-j-o- of a grain 
of nkre of mercury, the copper was rendered paler coloured, . 

: The deficiency of twenty grains of powder in thefe 
experiments with acetous acid mufi: be afcribed partly to the 
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fo!ullon in this menfttuum, and ftill more to the wafte in 
the paper filter, and to its adhering to the retort when firft 
boiled. 

Thefe experiments indicated the fame kind of fubftances as 
the experiments with water, namely, calcareous earth in a com¬ 
bined ftate; phofphoric ackb calx of antimony and of iron. It ap¬ 
pears alfo, that James’s Powder is either wholly or partially folu- 
ble in about 300 times its weight of concentrated acetous acid. 


III. With nitrous acid , 

The 240 grains of powder remaining after the experiments 
with acetous acid, p. 327. were digefted in the cold twelve 
hours, in three ounce meafures and a half of purified and con¬ 
centrated nitrous acid, diluted with four ounces of pure water, 
and then diftilled with a gentle heat till there remained about 
two ounce meafures. After Handing twenty-four hours, about 
one ounce and a half of clear liquid, which was very corrofive 
and acid, was drawn off by means of a fyphon. The turbid 
liquid and clofe white fediment remaining, being mixed with 
-one ounce of diftilled water, were poured upon a filter of pa¬ 
per, and hot diftilled water was repeatedly poured upon this 
filter till it paffed through almoft taftelefs. The firft portions 
of the filtered liquid, in quantity ten ounces, being mixed toge¬ 
ther, were fet to evaporate in a glafs pan. As foon as the 
liquor grew hot, the turbidnefs difappeared; and as the evapo¬ 
ration went on, firft clouds, -and afterwards portions of fedi¬ 
ment, appeared in a clear liquid. The evaporation being con¬ 
tinued nearly to drynefs, a white, porous, or cellular cake 
-was left, that weighed .129 grains. The liquid obtained 
Vol. LXXXI, X k by 
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by diffillation from the folution which left this mafs was found 
to be merely diluted nitrous acid. 

The refiduum left on the filter which hadl refilled folution ia 
nitrous acid, being well dried, weighed a little more than 142 
grains. This refiduum was digefied, and boiled as before in 
nitrous acid ; and this menftruum, diftilled from the refiduum, 
being evaporated to drynefs, afforded 6,5 grains of a whitilh 
mafs. The refiduum left on the filter after this fecond application 
of nitrous acid, being well dried, weighed 132 grains. 

The mafs of 129 grains, left on evaporation of the above folution 
of James’s Powder in nitrous acid, in a few hours began to deli- 
quefce, efpecially at the edges. Some of the deliquefcing part 
of the mafs was diffolved in one ounce and a half of water, 
forming an opal-colouied folution, with a white fediment. 
This opal-coloured folutiou being filtered was examined. 

(a) It rendered lime-water milky ; and the milkxnefs did not 
difappear on adding concentrated acetous acid, but readily 011 
pouring into the mixture a little acid of nitre. 

(£) It turned thick and white, and foon depofited a copious 
fediment of white matter, with a few drops of nitrous folu¬ 
tion of mercury ; and became turbid alfo with nitrated Over. 

(c) With muriated baiytes it became very turbid, and re¬ 
mained fo after adding acetous acid; but grew clear again on 
adding nitrous acid. 

(d) Acid of fugar produced a turbid appearance. 

(/) Cauflic volatile alkali produced very little precipitation; 
but a copious one took place with mild alkali of tartar; which 
precipitated matter, after decanting the clear folution, was 
nearly all diffolved by acetous acid, and the remainder was 
readily taken up by the marine as well as by the nitrous 
- ajcid. 


(jT) Pruffian 
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(/*) Pruffian alkali occafioned a light blue colour, but no 
turbid appearance till the mixture had ftood feveral days, which 
was then flight. 

(g) No change of colour was produced on a copperplate. 

A little of the foft and deliquefcing part, juft mentioned to 
have taken place at the edges of the folid mafs, tafted bitter 
and four. It melted under the blow-pipe into a horny kind 
of globule; but the dry part of this mafs could not be fufed 
by this means. 

This ounce and a half of folution being confumed in thefe 
trials, the fame quantity of boiling diftilled water was poured 
on the precipitate or part not diffolved by this quantity of 
water on the firft affufion. After ftanding and boiling, the 
precipitate appeared to be but little dimimfhed. The clear 
liquid did not as before render lime-water turbid ; but a preci¬ 
pitate enfued with nitrated mercury, which on comparifon 
was found to be a more delicate teft of phofphoric acid than 
lime-water. This folution alfo, by this fecond affufion of 
water, did not as before grow thick with mild alkali of tartar, 
nor blue with Pruffian alkali. The fediment, undiflolved by 
thefe two applications of water, did not totally diffolve in a 
fuperabundant quantity of nitrous acid-; but completely and 
immediately in a fmaller quantity of marine acid; and this 
folution in marine- acid, with a large proportion of water, pro¬ 
duced milkinefs; with Pruffian alkali, it turned of a deep blue 
colour; it did not whiten copper; faccharine acid and falited 
barytes only {lightly difturbed its tranfparency. 

By thefe experiments I found the folution of James’s 
Powder in nitrous acid contained, probably, a pretty consi¬ 
derable proportion of calcareous earth united to both nitrons 

Y Y n. • and 
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and phofphoiic acid; a little phofphoric acid in a free Sate ; 

and a fmall proposition of calx of antimony and of iron. 

Ninety grains of the dry part of the above mafs of 129 
grains, p 329. weie repeatedly triturated and digePed in alco¬ 
hol till almoft nothing was taken up by it. This folution, 
being filtered, was evaporated to drynefe, and afforded 20 
grains and a half of a fine white fait, very bitter, which, on 
expofure to the air, foon became liquid, but very turbid. 

The powder that had thus ceafed to yield any tlfng further 
to alcohol was repeatedly triturated and boiled in pure water, 
till the liquid paffed taftelefs through the filter; and the filtered 
liquors, being evaporated, left eight grains more of a lefs bitter 
and lefs deliquefcent fubftance than that fiom alcohol. Fait 
only of thefe eight grains was foiuble readily in water; and 
they appeared to be a mixture of the faline matter diilolved in 
alcohol, and of the infoluble refiduum in that menftruum. 

The powder remaining on the filter after thefe folotions in 
alcohol and water being dried, weighed nearly 59 grains. It 
was white and taftelefs, 

I next examined- thefe produ&s more particulaily; and firji 
the twenty grains and a half which had been diilolved in 
alcohol. 

{a) With a large proportion of water it produced a rather 
turbid appearance, and, after jftanding, a fediment of calcareous 
earth was depofited. 

{bj This lafl folution (/) being filtered, with mild alkalies 
grew very thick, and depofited a fediment that was readily 
taken up by acetous acid. 

00 With cauftic volatile alkali its tranfparency was fcarcely 
difturbed. 

00 With acid of fugar it became thick and white; and 

(0 White 
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(e) White , cream of milk with phofphorated mineral 
alka’i; the 4 iment from which mixture did not diflolve in 
a q unity boiling water that would have cfiffolved vitriolated 
lir , nor vinegar, but was leadily taken up by nitrous acid. 

/) T tranipareucy of nitrated and muriated barytes was 
fc cely C 'turbed. 

% g) It turned infufion of turn foie red. 

<F) A little of the deliquefceut fait above mentioned, that 
b \i been dilfolved in alcohol, being made nearly dry, on 
at ling to ‘t a mixture of alcohol and acid of vitriol, vapours 
ot nitrous ether were detached with ebullition 

(.) With lime-water it produced a flight fediment. 

(a) With Pruffian alkali at hi fl a pale green colour, and 
aftetwards a blue colour was produced; but without any preci- 
pifatiou on Handing. 

f') This fubftance, which had been diflblved in alcohol, 
was infufible under the blow-pipe; and after being heated red- 
hot on charcoal it was no longer foluble in water. Being fur¬ 
ther examined, it was found to be merely calcareeus earth. 

This foluble part then in alcohol appeared to be nothing but 
nitrated lime, with fome traces of calcined iron. 

1 Secondly, The 59. grains of powder, not foluble in alcohol, 
were examined. 

1 a ) A mixture of vitriolic add and alcohol detached from 
this powder no nitrous ether, nor any vapour that formed 
white clouds with volatile alkali. 

(f) It did not effervefce, and required above zoo times its 
weight of concentrated acetous acid to diflolve it. 

(c) Under the blow-pipe it emitted no fmell or fume, and 
with great difficulty melted imperfedly, affording an irregular 
figured, horn-like, opaque msfs. 

w ft 
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(</) It was not diminifhed or altered in its properties by 
boiling in lixivium of alkali of tartar. 

(f) Nitrous acid formed with it, without effervefcence, a 
very (lightly turbid folution; which folution produced the fame 
appearances as thofe related, p. 330, 331. 

CO 5° g ra i ns °f this powder were diffolved in nitrous acid, 
and a great part of the redundant acid being carried off by 
evaporation, to one half of this folution was added lime- 
water till it ceafed to produce any milkinefs, and the mixture 
tailed of lime-water. After (landing excluded from the air, 
the fediment depoiited from a clear liquid was collected, and 
being dried it weighed 26,3 grains. This precipitate had the 
properties of phofphorated lime, with that proportion of lime 
and phoiphoric acid which forms a compound fcarcely fOtible. 
The liquid in which this precipitate fell feemed to contain a 
little phofphorated lime, but principally calcareous earth. 

(g) To the other half of this folution in nitrous acid 
(_/) was added vitriolic acid, drop by drop, till it no longer 
diflurbed its tranfparency. After (landing, the clear 
liquid was decanted from the precipitated matter which had 
taken place, and the precipitate with a fmall quantity of 
water was thrown upon a filter. The filtered and decanted 
liquids mixed together were boiled till the fmell of nitrous 
acid ceafed, and there remained about half an ounce of 
acid Hquor, which being filtered to feparate the vitriolated 
lime precipitated during evaporation, foffil alkali was added 
to perfe&ly faturate it. During this union .there was an effer- 
vefcence and a feparation of more vitriolated lime, which being 
removed, the faturated liquor, by cryftallization, afforded 
nearly 26 grains of cryftals of phofphorated foffil alkali, be- 

fides- 
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fides a little cubic nitre, vitriolated foffil alkali and iron, 
with fome veftiges of calx of antimony, and pholphorated 
lime. 

The precipitate thrown down on adding vitriolic acid, and 
left upon the filter, weighed when dried 26,1 grains, and was 
vitriolated lime, with a minute portion of calcined antimony 
and iron. 

The 6,5 grains, p. 530. left on evaporation to drynefs of the 
fecond folution in nitrous acid, confifted of nearly three grains 
of calcined antimony, and the reft pholphorated lime, with a 
little iron. 

1. It appears from the above experiments with nitrous acid, 
that this menftruum, by two affufions, in a large proportion, 
aided by trituration, digeftion, and heat, diflolved 444 of 
James’s Powder that had been expofed to the adHon of water 
and acetous acid ; but from the fmallnefs of the quantity con¬ 
tained in the nitrous acid the fecond time it was applied, and 
from its being principally calcined antimony, not more than 
two of the fix grains afforded by this folution, perhaps, fhould 
be confidered to be dijjolved , for the reft may be fuppofed to be 
merely fufpended. 

The firft folution alfo in this menftruum was not filtered, 
and the acid was confiderably redundant, and there was found 
in it feveral grains of calcined antimony. The real quantity 
dfolved might therefore probably be eight grains lefs than 
the above 108 ftated. According to this mode of calculation, 
the proportion of the foluble part of James’s Powder in 
nitrous acid is 44 tt> or about T + 0 ’-o * 

2. The whole of this foluble part, except a little calx of 
antimony, is, decifively, phofphoric acid and calcareous earth : 

which 
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which two fubfiances may reafonably be fuppofed, from tbefe 
experiments, to have been united together, and to have been 
in the ftate of phofphorated lime in this powder. Confe- 
quently, the proportion of this phofphorated lime, confidered 
as the folubie part of James’s powder in thefe experiments 
with nitrous acid, appears to be 40 per cent, making a dedu&ioa 
of 1 per cent, for the antimonial calx .contained In the 
nitrous acid in the above experiments. It is however already 
obvious to fufpe&, that the powder which refilled folution in. 
this meuftruum may .contain more .phofphorated lime; and 
this confide ration prevents me affigning at prefent the above 40 
per cent . as-the whole quantity of it in James’s Powder. It 
.cannot however, I think, be a fmaller proportion. 

I do not reckon the calx of iron in thefe calculations, be- 
.caufe It is in too fmall a quantity, and is apparently only to 
to be looked upon as an accidental extraneous fubftanee. I 
fuppofe .-too, that the water and acetous acid applied to the 
James’s Powder ufed in thefe experiments, carried off a propor¬ 
tion of its ingredients equal to that in the remaining powder. 


IV. With marine acid. 

The I32 grains of heavy, white, taflelefs powder, the 
srefiduum after boiling 240 grains of James’s Powder 
in nitrous acid, till it had diffolved that part for which 
it has any confiderable affinity, p. 330. were digefted. for 
twenty-four hours in eight ounce-meafures of marine acid, 
the fpecific gravity of which was 1,170, and diluted with half 
, : ;hulk'«of dihilled water. This mixture was difHlled in a 

gentle 
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gentle heat till there remained about two ounce-meafures of a 
very turbid liquor. After Handing in a jar two days, it depo- 
fited a dole white fediment, obvioufly much lefs in bulk than 
the powder added to this menfiruum ; and nearly one ounce 
meafure and three quarters of clear yellow liquid were drawn 
off, by means of a fiphon, which was marked N 3 1. 

The diflilled liquid, which was merely diluted marine acid, 
was poured back on the fediment and remaining liquid; and 
after digeftion twenty-four hours, this mixture was diftilled as 
before, till there remained about one and a half ounce-mea- 
fure; but after Handing in ajar feveral days, the quantity of 
fediment depofited was apparently as great as before the fecond 
application of this menftruum. The clear liquor was drawn 
off as before, and marked N° 2. The diftilled liquor being 
found to be merely diluted marine acid, was poured on the 
remaining liquid and fediment a third time; and, after di- 
geftion, the diftillation was repeated as before. The remain¬ 
ing liquid having Hood upon the fediment fome time, one 
ounce-meafure of clear liquor was drawn off, and marked N° 
3. The fediment did not appear dimini fhed by this third d’f- 
tillation; but, as the decanted liquid, N° 3. was found to 
contain a fmall quantity of fome fubflance diffolved or fuf- 
pended in It, the marine acid diftilled in this experiment was 
poured a fourth time on this refiduum, and after digeftion 
boiled. Having Hood feveral days, the clear liquor was de¬ 
canted, and marked N° 4. To the refiduum, after thefe four 
affufions of marine acid, one ounce of boiling diftilled water 
was added, and this mixture was poured on a filter. The pow¬ 
der upon the filter being well dried, was found to weigh 60,1 
grains. 

Vqu LXXXL Y y 
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In the ounce of boiling water that had been filtered from 
this refiduum, I could find nothing but fome minute particles 
of that fubftance and veftiges of iron. Two or three drops of 
the liquor, N° i. added to three ounces of diftilled water, pro¬ 
duced a pretty confiderable milkinefs; and, on ftanding, a 
clofe white fediment was depofited. Two or three drops of 
the liquor, 1 ST 2. produced lefs milkinefs and fediment in the 
quantity of water juft mentioned than N° 1. N° 3. fcarcely 
diminiflhed the tranfparency of diftilled water ; and N° 4. did 
not affedfc it all. The liquids, N° 3. and 4. were diftilled till 
there remained about two drachm-meafures of clear brown 
liquid, with a cloudy fediment. 3. being poured into two 
ounces of diftilled water fcarcely made it milky; and N° 
4. did not diminifh the tranfparency of water at all. On 
evaporating to drynefs thefe mixtures of the liquors, N° 3, 
and 4. with diftilled water; that with N° 3. left a yellowifh 
dry fediment which weighed 3,1 grains; and that of N° 4. left 
2,2 grains of fediment. Nothing but calx of antimony could 
be difcovered in thefe fediments. They were reducible readily 
wkh tartar ; fcarcely fufible in the fpoon; but with phofphoric 
acid eafily melted into an opaque yellowifh globule. 

The liquor, marked N° 1. being poured into twenty-four 
ounces of diftilled water produced a very milky appearance; 
and the fame appearance, but in a much lefs degree, eufued 
on pouring the liquor N° 2. into this quantity of pure water. 
After ftanding feveral days, a white fediment being depofited 
from a clear watery fluid, the clear liquid was drawn off by 
means of a fiphon, and the fediments being dried, that of 
N° 1. weighed 51 grains; that of N° 2. weighed 6,15 grains; 
and both were found to be purely Algaroth powder. The wa¬ 
ter, viz. 48 ounces, in which thefe precipitates fell, being 

evaporated 
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evaporated to drynefs, left a little more than four grains of an 
infufible kind of fediment, which was calx of antimony, like 
that of N° 3. and 4. with a minute portion of Algaroth powder 
and iron. 

The 60,1 grains, p. 337. which refilled folution in marine 

acid, were a lighter powder than James’s Powder itfelf, 

rather gritty, quite taflelefs. This powder was digefled in 

one-ounce meafure of concentrated nitrous acid mixed 

with two of acid of fait for a week; and then this mixture 
** 

was diluted with four ounces of diftiiied water, and gently 
boiled till it was reduced to about two ounce-meafures. On 
cooling and Handing feveral days, a fediment of the fame 
kind apparently, and in the fame quantity as before evapo¬ 
ration, was depofited, and, after Handing, a clear yellow liquid 
was drawn off. The fediment, well dried, weighed 55 grains. 
The decanted liquor being reduced by evaporation from one 
and a half ounce to about two drachm-meafures, a fediment, 
while hot, appeared, which was calx of antimony, with a 
minute portion of earthy matter that had fome properties of 
phofphorpted lime and calx of iron. A little of the clear 
liquor on this fediment being dropped into water produced no 
milkinefs, nor fediment, after Handing; but the whole of this 
clear liquor, with fediment, being evaporated to drynefs, af¬ 
forded four grains of the fame kind of infufible calx of anti¬ 
mony, mentioned to have been obtained from the acid liquors, 
3. and 4. above mentioned. 

It appears then, that by repeatedly digeHing and boiling in 
marine acid, and in aqua regia, that part of James’s Powder 
which refifled folution in nitrous acid, which was P* 33 5 • 
77 g ia ' ns were carried off by thefe menHrua; but coufidering 
the fnaail proportion contained in thefe acids after the two fiiH 

Y v 2 affufions. 



240 Dn Pearson’s Experiments and Obfervatkm 
affufions, which afforded 57,15 grabs, p. 338., and fuppofing 
the calx to be neither increafed nor diminifhed in weight by 
the acids, the real quantity of foluble and fufible calx of anti¬ 
mony may be fhted to be that of Algaroth powder; for 
the other kind of antimonial calx obtained by fubfequent aftu- 
fions was probably only fufpended. Confequently 240 grains 
of James’s Powder afforded, by the above experiments with 
marine acid, 57,15 grains of Algaroth powder, and 19,85 
grains of a lefs foluble and more difficultly fufible calx of anti¬ 
mony, with a fmall proportion of phofphorated lime. The 
refiduum, amounting to 55 grains,, was of courfe next exa¬ 
mined. 

Experiments upon the part of James’s Powder which was 
infolubk in the above menjirua. 

(a) A few grains of this infoluble fubftance could neither 
be melted nor carried off in vapour by means of the flame of a. 
candle applied to it upon charcoal, and alfo in the fpoon, with 
the blow-pipe; but, 

(b) Mixed with an equal weight of tartar, it melted on 
charcoal; and, while in fufion, fmall, apparently, metallic 
grains were diflindtly perceived; and on cooling they could be 
feen, even without a lens, adhering to an irregularly figured,, 
opaque, whitifh mafs. Sometimes flight explofions were 
heard while the flame was applied. The metallic grains ap¬ 
peared more difiinttlj* when this powder was mixed with one- 
third of its weight of powdered calcined bone, than in James’s 
Powder, 

(c) Ten grains of this powder were melted as above men¬ 
tioned, by repeatedly applying flame with the blow-pipe to 

two. 
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two or three grains of it at a time mixed with tartar. The 
opaque whitifh raafles, with metallic grains in them, thus ob¬ 
tained, being pulverized, were digefted and gently boiled in 
diluted nitrous acid. The filtered folution afforded nitre, and 
nitrous acid in a free {fate, the greateft part of which fuper- 
abundant acid being carried off, the lixivium did not whiten 
copper, or throw down any calx but iron with Prufiian alkali. 
The refiduum that refilled folution in nitrous acid was digefted 
and gently boiled in aqua regia , On ftanding it was decanted, 
and this decanted liquid being heated, to carry off fuper- 
abundant acid and water, it afforded on mixture with water 
1,2. grain of Algaroth powder, and no metallic matter 
could be detefted in the water excepting a little iron, A fmall 
part only being diflolved by the aqua regia, the refiduum was 
expofed to the flame of a candle with tartar as before; and, 
by the aid of a lens, I could juft perceive two or three metallic 
grains in the fufed mafs. To this mafs the aqua regia was 
again applied, and 0,15 grain of Algaroth pow r der was ob¬ 
tained, and no other metallic calx was found but iron. A 
third affufion of aqua regia indicated an exceedingly minute' 
portion of Algaroth powder; but I could afterwards per¬ 
ceive no more metallic grains in the refiduum expofed to 
flame with tartar, nor obtain more Algaroth powder from the 
folution of the fufed mafs in aqua regia . The refiduum that 
refilled folution melted readily with a little phofphoric acid 
into an opaque, fomewhat yellowifh, white globule, not un¬ 
like calcined bone fufed. with phofphoric acid, and a minute 
portion of flowers of antimony. The quantity, however, of 
this refiduum was fo fmall, that I defpaired of determining its 
nature further by more experiments. 


Having; 



342 Dr. Pearson’s Experiments and Ohfervatlons 

Having found that this infoiuble powder would not melt 
with fulphur when heated red-hot , I made the following 
experiment. 

( d ) Twenty grains of it being mixed with three 
times its weight of fulphur, were put into one of Mr. 
Wedgwood’s crucibles that would contain one ounce-mea- 
fure, which, with a cover well luted on, was put into a three- 
inch Englifh crucible, and calcined bone in powder filled the 
fpace between the two crucibles. After expofing this charge 
to a red heat half an hour, and in a white heat ten minutes, 
the crucibles were cooled; and being opened, the pyrometer 
piece of Wedgwood in the bone afhes was found to indicate 
65°, and the mixture in the inner crucible had apparently been 
melted into a refin-like mafs that adhered firmly to the fides of 
the vefiel. Twenty-eight grains weie fcraped off, which, after 
digeftion and boiling in marine acid, afforded fix grains of 
Algaroth powder. A great deal of hepatic air was difcharged 
during this folution, and very little fulphur was left on the 
filter with the part not diflolved by the marine acid. This 
undiflblved part, which weighed fix grains, was blackifh, tafte- 
lefs, not heavy. It was infufible with the blow pipe, both 
alone, and mixed with fulphur and tartar ; but with phofphoric 
acid it melted into a blackifh fcoria-like mafs. I could only 
conjecture, that this laft part was antimouial calx, fo far vitri¬ 
fied with phofphorated lime as to be neither foluble nor redu¬ 
cible or fufible, except with phofphoric acid. 

(e) By a fimiiar experiment, but with alkali of tartar 
twenty, grains, fulphur thirty grains, and ten grains of this 
infoiuble part of James’s Powder, a fufed mafs was obtained 
that partially diflolved in water, and afforded kermes mineral 
on pouring an acid into this folution; but a great part was 

infoiuble 
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infoluble in water and acids, and feemed to be of the fame 
nature as the fix grains of refiduum juft mentioned (d). 

I could only conclude from thefe experiments on this infb- 
luble matter, that it contained calx of antimony; but as to the 
proportion of it, and the other fubftance with which it is 
joined, I conjedure that it may be about half the quantity of 
the infoluble powder; and that the other half is antimonial 
calx and phofphorated lime, fo highly calcined and vitrified 
together as to refift folution in acid menftrua, decompofitlon by 
charcoal, and fufion with fixed alkalies, but not by phofphoric 
acid. 

I fhould not have been fatisfied with here terminating this 
analyfis without enquiring further into the nature of this info¬ 
luble matter; but 1 difcontinued this analytic inveftigation in 
order to derive light from the fynthetic experiments which 
will be related hereafter. 

Thefe laft experiments feem to {hew, that the proportion of 
antimonial calx is not fo great as might have been affigned from 
the experiments with nitrous acid, marine acid, and aqua regia . 

The fubftances and proportions of them, obtained from 240 
grains of James’s Powder, by the above experiments, are as 
follow: 

Grains. 

Phofphorated lime, with a little antimonial calx, 100, 
Algaroth powder, . . . • • 57**5 

Infoluble antimonial calx, with a little phofphorated 

lime, . ^>^5 

The fame infoluble calx, with, probably, a little phof¬ 
phorated lime, „ • * - • * 55 * 

Wafte, ! - * 8, 


240,0 

As 
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As it may be objected, that conclufions drawn concerning 
the nature of calces might be erroneous if nitrous acid had 
been applied previoufly to fubftances containing them, I made 
the following experiment. 


Experiment with marine acid applied to James’s Powder , which 
had not been expofed to the adtion of nitrous acid , or any other 
menjlruum. 

50 grains of James’s powder were dlgefted, and gently 
boiled in two ounce-meafures and a half of concentrated ma¬ 
rine acid diluted with one ounce of di/tilled water till there 
remained only about one ounce-meafure. A great part of the 
powder appeared to be evidently diffolved. On cooling, cry- 
ftals of muriated antimony were formed upon a white fediment. 
The clear liquid with the cryftals being decanted, the fedi¬ 
ment was boiled twice, as before, with marine acid; but the 
fecond affufion of this menftruum brought off but eight grains 
of this powder, and the third only four grains. The remain¬ 
ing fediment, being well dried, weighed 14 grains. Now it 
has been fhewn already, that the nitrous and marine acids, fuc- 
ceffively applied, diffolved AiJ, or all but about 60 grains; 
and in the prefent experiment, the marine acid diffolved 44, 
which is in the proportion of 444* or liear ty 5 that, on 
account of the trifling difference in thefe proportions, it may, 
perhaps, be fairly concluded, that the properties of the calx in 
James’s Powder are not altered by nitrous acid to affed its 
folubility in marine acid. And further, this infoluble powder 
in the prefent experiment was found to have the fame proper¬ 
ties as that in the former experiments. 


To 
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To know whether James’s Powder contained any fubftance 
that could be decompofed by mild fixed alkalies, the following 
experiments were made. 

Thefe experiments with fixed alkali feemed to be efpecially 
necefiary, becaufe phofphoric acid, lime, and antimonial calx, 
are ingredients in James’s Powder; and it was obvious to 
fufpedt, that this acid might be united with calx of antimony 
as well as with lime; which phofphorated antimony would be 
decompofed by alkalies, and yield phofphorated alkali. 

Experiments with fixed alkalies. 

100 grains of James’s Powder were boiled in fix ounces of 
water, with 50 grains of mild alkali of tartar, for three hours, 
and then the remaining liquid was filtered, and evaporated to 
drynefs; but the matter left after evaporation was nothing but 
the alkali ufed in the experiment, with a little of the powder 
itfelf. 

The refult was the fame on making the experiment with 
cryftallized mineral alkali inftead of alkali of tartar. 


Synthetic Experiments* 

ALTHOUGH the inability to prepare James’s Powder 
would not prove the above conclufions, with refped to its com- 
pofition, to be erroneous; the being able to compofe a fubftance 
Von. LXXXI. Z z poffeffing 
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poffe fling ail the fame properties as James’s Powder, by 
uniting or mixing together the fubftances {hewn by the abova 
analyfis to enter into its compofition, would afford all the 
proof and demonftration which can be had in the fcience of 
chemiftry. 

The above analyfis {hewed no eflential ingredients of 
James’s Powder but antimonral calces, phofphoric acid, and 
calcareous earth, which two laft fubftances appeared to be 
united together ;, but it would have been vain and unnecexFary 
labour to have attempted to make this powder by mixtuies of 
any of the commonly known calces of antimony and phof- 
phorated lime; becaufo none of them, from their well known 
qualities, could form a powder of the fame colour and fpecific 
gravity as James’s Powder, and like it partially foluble in 
acids. From the above experiments, however, the proba¬ 
bility was evident, that this fubftance might be made by cal¬ 
cining together antimony and bone-afhes; which operation 
produces a powder called Lile’s and Sch aw an berg’s fever- 
powder; a preparation delcribed by Schroder and other chemifts 
150 years ago. The receipts for this preparation differed in the 
proportion of the antimony to the bone aihes, and in the hate 
of the bone; fome dire&ing bone {havings to be previoufly 
boiled in water; others ordered them to be burnt to allies be¬ 
fore calcining them with antimony ; and in other preftriptions 
the bone {havings were directed to be burnt with the antimony. 
According to the receipt in. the poffeffion of Mr. Bromfield, 
by which this powder was prepared forty-five years ago* and 
before any medicine was known by the name of James’s 
Fowder, two pounds of hart’s horn {havings muff be boiled 
to diflblve all the mucilage, and then, being dried, be cal¬ 
cined. with one pound of crude antimony, till the fraell of. 

fulphur 
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fulphur ceafes, and a light grej powder is produced. The 
fame prefcription was given to Mr. Willis, above forty years 
ago, by Dr. John Eaton, of the College of Phyficians, 
with the material addition, however, of ordering the calcined 
mixture to be expofed to a great heat in a clofe veffel to render 
it white. Mr. Turner made this powder above thirty years 
ago by calcining together equal weights of burnt hart’s horn 
and antimony in an open veffel, till all the fulphur was driven 
off, and the mixture was of a light grey colour. He likewiie 
was acquainted with the fact, that by a fufficient degree of fire 
in a dole veffel this cineritious powder turned white *. Mr. 
Turner alfo prepared this powder with a pound and a half of 
hart’s horn fiiavings and a pound of antimony, as well as with 
fmaller proportions of bone. Schroder prefcribes equal 
weights of antimony and calcined hart’s horn; and Poterius 
and Michaelis, as quoted by Frederic Hoffman, merely 
order the calcination of thefe two fubftances together (affigning 
no proportion), in a reverberatory fire for feveral days. In the 
London Pharmacopeia of 1788, this powder is called Pulvis 
Mtimonialis 4 and it is diredted to be prepared by calcining toge¬ 
ther equal weights of hart’s horn fiiavings and antimony. 

Powders made from various proportions of antimony and 
bone-afhes, after folution in nitrous acid, left a refiduum of 
antimonial calx much lefs or greater in quantity than James’s 
Powder-did by the fame menflruum, except two of Mr. Tur- 

* It is probable, that this powder was made for feveral years with merely the 
heat neceffary to carry off the fulphur and calcine the bone, in an open veffel 
over a charcoal fire in a common grate, and eoafequently it was of a light clay or 
aih colour* In this manner, Mr* Bromfielo told me, he prepared Schawa&t- 
Mmo’s Powder 4.6 or 47 years ago* Its property of turning white in a greater 
.degree of fire appears to have been a fubfequent difcovery, 
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ner’s proportions* ©s. two parts of antimony and one cf 
calcined bone, and equal weights of bone (havings and anti¬ 
mony. The quantity of this calx was, however, greater in 
the powder from the former of thefe two laft proportions than 
the latter of them; which latter correfponded fomedmes 
exa&iy, and always nearly, with the weight of the calx from- 
a given weight of James’s Powder. This calx afforded alfo* 
the fame proportion of Algaroth powder as the calx in James’s- 
Powder; and the inioluble part of the calx afforded metallic 
grains like thofe from the infoluble part of the calx in that 
powder. 

I found then an exa£f correfpondence between what I confx 1 * 
der to be the eflential and peculiar properties of James’s Powder, 
and the properties of a powder made by uniting or mixing 
together the ingredients of James’s Powder found by analytic. 
But, in order to (hew the identity or difference of the qualities 
of thefe two fubffances, I made comparative obfervations on 
them, and repeated the above analytic experiments on James's 
Powder with the preparation made by calcining together equal 
weights of bone (havings and antimony, in an open vellel, to 
carry off the fulphur, and then in clofe veffels applying fuch a 
degree of fire as to render them white, that is, on the fame pre¬ 
paration as the Pulvis antimonialis of the London Pharmacopoeias 
Firfir, I compared, more particularly, the fenfible qualities 
of feveral different fpecimens of James’s Powder with various 
parcels of the Pulvis antimonialis made by different chemifts. 
All of thefe would be called white powders, but not two of 
them were (o in the fame degree. Moftof the papers of the Pul- 
<uis antimonialis were whiter than thofe of James’s Powder; but 
others were of a very light done colour, and fome had a (hade 
of yellow, fa as to referable very exactly James’s Powder; 

but 
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but all the parcels of James’s Powder had either a fliade of 
yellow or of done colour, and none were perfe&ly white, or 
fo white as forae fpecimens of the Puhis antimonialis . Some 
of the parcels of James’s Powder and of the Puhis antimoni - 
alls tailed brafiy; and other fpecimens of both powders had no 
taffe. All of thefe powders were gritty. Moil of the parcels 
of the Puhis antimonialis were a little fpecifically heavier than 
thofe of James’s Powder. The lpecific gravity of both pow¬ 
ders was increafed by expofing them to fuch a degree of fire as 
brought them into almoft a femi-vitrified ffate; and, on the 
contrary, the fpecific gravity of the Puhis antimonialis was 
lefs than it is in its ufual date, when made in fuch a degree of 
fire that the mixture preferves the powdery form. 

The experiments with water on the Puhis antimonialis pro¬ 
duced the fame kind of appearances, but more flightly than 
thofe with James’s Powder; for the hot folution of the for¬ 
mer grew lefs milky on cooling than that of the latter, and 
on evaporation to drynefs lefs fediment was found of the folution 
of Puhis antimonialis than after that of James’s Powder*. 

The experiments with acetous acid on the Puhis antimoni - 
alis (hewed, that this raendruum diffolved fometimes a greater, 
and fometimes a fmaller proportion of it than of James’s pow¬ 
der ; and the diffolved matter was found to be antimonial calx, 
phofphorated lime, and calx of iron, and no other fubflance. 

It has been already faid, that the proportion of foluble mat¬ 
ter in nitrous acid was the fame, or nearly fo, of the Puhis 
antimonialis as that of James’s Powder; and this diffolved 
matter was phofjahoric acid, calcareous earth, with a little anti* 
menial calx, and a minute portion of calx of iron, as exa&ly 

* The reafon for. this diffeiense is affigned in another place. 
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as -could be expe&ed from the nature of the fuhftances and the 
experiments, in the fame proportion as thofe in James’s Powder, 

The Algaroth powder, obtained by means of folution of the 
Pulvis antimonialis in marine acid, was in the fame proportion 
as nearly as could reafonably be expected from the nature of 
the experiments as that obtained from James’s Powder. And 
the part that refilled folution in this menftruum was partially 
reducible to a metallic form, and had otherwife the fame pro¬ 
perties, as far as difcovered, as the inlbluble part of James’s 
Powder. 

Having now formed a powder pofTefied of properties fimilar in 
kind to every one of thofe afcertained in James’s Powder, with 
fcarcely any difference in the degree of them, if it be thought that 
among thefe properties are thofe which are efiential and pecu¬ 
liar ones of James’s Powder, the conclufion that thefe two 
are the fame kind of things muft be admitted to be juft. The 
nature of one of the ingredients of James’s Powder, viz. the 
■irreducible part of the infoluble matter, p. 342. is not fully 
elucidated by the fynthetic experiments; but in fo far as they 
fhevv, -that this part equally exifts in the powder formed by 
.calcining together antimony and bone, which is concluded to 
be James’s Powder, the objection againft the conclufion with 
refpeft to the identity of the two fubftances, on the ground of 
this inconfiderable part of James’s Powder not being well 
■underflood, muft be of little weight. 

Several reafons, more interefting to myfelf than to the Society, 
induced me to authenticate by additional teftimonies thofe ana¬ 
lytic e^perimen!ts,which may be .confidered to be more decifive 
ithan the reft for eftablifhing the identity of James’s Powder, and 
„a powder formed by calcining together antimony and bone-afhes. 
i Ilierefore requefted Mr. Cavallo and Mr. Turner to. be 

7 >refea£ 
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prefent when I made thofe experiments on the Pulvis antlmonl• 
ells, prepared by Mr. Griffin, of" Apothecaries’Hall, and James’s 
Powder. Having, in the prefence of thefe twoGentlemen*, broken 
the feal of a phial of James’s Powder, bought of F. New- 
rery, and taken out of it the quantity required for the expe¬ 
riments, the bottle was again fealed by Mr. Cavarlo with 
his feal, as well as the phial from which was taken the Pulvis 
antlmonl alls. Should any experiments be publifhed, which 
eftablifh different conclufions from thole contained in this Pa¬ 
per, with relpedt to the identity of thefe two powders, I fhall 
be happy to endeavour to afeertain the truth by experiments, on 
the remaining parcels of the two powders, in the prefence of 
competent judges. 

I fhall next relate the experiments made with the view of 
confirming or invalidating the conclufions drawn fiom the 
above analyfis, with refpedt to the ingredients and proportions 
of them in James’s Powder; and by which I efpecially en¬ 
deavoured to make fuch antimonial calces as this fubftance 
contains, by proceffes different from thofe above related. 

exp. 1. (h) Hart’s horn fhavings, of fix different parcels, 
well dried, feparately calcined in the fame manner, and appa¬ 
rently to the fame degree as when calcined with antimony to 
make Lire’s Powder, afforded a light brown coarfe powder, 
with a few thin light black pieces, and loft from 43 to 48 per 
cent, of their weight. The mean lofsof weight, of courfe, was 
451 per cent. 

(f) This calcined bone (a), being pulverized, was expofed' 
to a greater degree of fire, in clofe veffels, than that neceffary 
to render the calcined mixture of antimony and bone-afhes 
white. The lofs of weight by this fecond calcination or expo- 
fore to* 'fire was from two to three per cent. ; and the afhes 
* Dr. Claxke alfo was prefent at the beginning of thefe experiments. 
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were as white as fnow. The total mean lofs of weight, by 
thefe two calcinations, was then T 4 JL. 

exp. ii. 2000 grains of coarfely powdered antimony were 
calcined in an earthen difti, as in making Lile’s Powder, by 
conftantly raking them about for above three hours. During 
a great part of this time the veflel was red hot at the bottom; 
and for the laid hour the fulphureous fumes had entirely ceafed. 
The calx thus produced was of a pale bluifh colour; it melted, 
in a low degree of heat, into an opaque, fcoria-like brittle mafs; 
k yielded no hepatic air with marine acid; it weighed 1409 
grains, or the antimony loft nearly 291 per cent. The pyro¬ 
meter in the veflel with the antimony during its calcination, 
was contracted to the 6th degree of Wedgwood’s fcale. 

The fum therefore of the lofs of antimony and bone by cal¬ 
cination in this manner, feparately, was 37I per cent , Thefe 
two fubftances were in the next place calcined together in the 
lame manner in an open veflel, as above mentioned. 

exp. hi. 2000 grains of antimony from the fame parcel as 
that in the laft experiment, and an equal weight of hart’s 
horn fhavings taken from the fame parcel as thofe were in 
Exp. 1. were .calcined together in the fame manner that thefe 
fubftances had been feparately. During the firft quarter of an 
hour, the mixture fmoked, was black, fmelled ftrongly of 
fulphur, and felt foft. For half an hour more, the fmell of 
fulphur continued, the mixture turned brown, and the bone 
was reduced to aChes. At the end of this time, not only the 
bottom of the veflel might be kept red hot without any flgns 
©f fufion; but the fmell of fulphur, though weakly, conti¬ 
nued for half an hour more in a heat to keep a great part of 
the mixture red hot. At this time the fulphureous fmell rather 
di&ppeared, and could not he perceived, though a 

little 
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little of the mixture was made q*’he red het for a quarter of 
au hour further ; during whicn no fume was fe„n, or fmell 
perceived. After cooling, a light grey or cmeritious heavy- 
powder was left; on examining which, argentine Jp cula wt re 
feen in the larger grains of* this calcined fubftance. It weighed 
2200 grains, therefore the lofs of weight was 45 per cent. 
The Wedgwood pyrometer pieces indicated 8 °. In other 
fimilar experiments the iofs, by calcination, was from 37 to 41 
per cent .; therefore the mean proportion loft in thefe experi¬ 
ments muft be ftated at 41 per cent.. 

It appears, that the calcination of antimony with bone-afhes 
is much more fpeedy than when by itfelf, bui the degree of 
fire was a little greater in the laft experiment than in that with 
antimony alone. Confidering the nature of thefe experiments, 
perhaps, it may be more reafonable to impute the 3I per cent. 
greater lofs in this laft experiment than the fum of the lofs in 
Exp. r. and 2. to the greater infenfibie fublimation of the calx 
from more fire in one cafe than in the other, than to refer it 
to the larger quantity of air combined with the metal in the 
former of thefe two laft experiments. 

exp. iv. The above light clay or afh-coloured pow'der, 
obtained in the laft experiment by calcining together anti¬ 
mony and bone, being expofed to various degrees of fire from 
20° to 165° of Wedgwood’s pyrometer, in clofe crucibles, 
was not at all increafed in weight, but generally loft about 5 
per cent, when a pretty large quantity, as a pound, was in the 
veflel. A part of this lofs muft be referred to the adhefion or 
vitrification of the charge with the fides of the crucible, and 
part to the deficiency of the bone itfelf, as above fhewti, by 
further expofure to fire. I am fenfible, that in experiments of 
this nature all calculation muft neceffarily, to a certain degree, 
Vot« LXXXI. A a a be 
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be vague; yet it may be of fome application to obferve, that 
the proportion of antimonial calx, eftimated to be contained in 
Lile’s Powder or Pulvis antimonlaUs , and James’s Pow¬ 
der, p- 343. from the analyfis of them, does not differ more 
confiderably from the proportion of this calx than may, per¬ 
haps, be reafonably expeded on calculation from thefe four laft 
experiments to exift in them; for 70! parts of antimonial 
calx, p. 352. to 54I parts of bone-afhes, p. 351, is as about 
56,4 parts of this calx to 43,6 parts of calcined bone; and, 
on analyfis, James’s Powder afforded of antimonial 
calx, and ToV of phofphorated lime, or nearly fo, p. 343. 
allowing for the wafle. 

exp. v. This experiment fhews the degree of fire neceffary to 
render the antimony calcined with bone of a white colour; 
and that this whitenefs doss not depend on the air, but on the 
fire. 

(a) 1 500 grains of the calcined mixture of antimony and 
bone, Exp. 3. were kept red hot in a clofe veflel for 
half an hour. O11 cooling, I found the powder changed 
from a cineritious or clay colour to a whitifh colour with 
a fhade of yellow. The fides of the crucible were not glazed. 
The pyrometer in the middle of the powder had con traded to 
40°. 1 his powder was much inferior in whitenefs to James’s 

Powder, being much yellower. 

(/>') Another parcel of the fame powder, Exp. 3. was 
expofed in the fame manner, but to a greater degree of fire,, 
in which the crucible was almoft white hot for half an hour. 
After cooling, the powder was found changed to a loofely 
cohering, fnow-white, heavy mafs, and the fides of the cru¬ 
cible were covered with a yellow glaze. This mafs, which 
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was eafily detached from the veffel, was found covered with a 
yellow vitreous coat over the whole furface of it that had been 
in contaa with the crucible. In the white folid, on breaking 
it, many aigentine fpicida were feen. The pyrometer ufed in 
all thefe experiments indicated 7 1°. 

(f) 1500 grains of the fame parcel, Exp. 3. were expofed 
in an open crucible to the fire of a melting furnace; no 
fumes arofe till the crucible began to be almofi white hot. 
After inverting another crucible, with a fmall hole in its bottom, 
the fumes continued to afeend at times through the aperture 
for a quarter of an hour. The crucible was then taken out of 
the fire, and on cooling a •wbittjh powder was found, but no 
glazing, and the pyrometer indicated 28". ' On again expofing 
this crucible with one inverted over it in the melting furnace, 
but to a greater degree of fire, fiill more fumes arofe ; but, on 
cooling, the charge was {fill in the ftate of a powder, though 
whiter than before; and the infide of the inverted crucible was 
covered with filvery particles, and the hole of it was lurrounded 
with aigentine fpicula , in a ftellated form. The pyrometer 
indicated 39 0 . On reducing a little of this powder to a greater 
degree of fiuenefs, it was as white as James’s Powder, with a 
yellowifh caft like it, but inferior in whitenefs to a fpecimen of 
Puhis antimonlaUs. This crucible, containing its charge, with 
a cover clofely luted on it, was put again into the fiie, which 
was raifed much higher than before; and, after being expofed 
in it twenty minutes, the powder in the crucible became a 
loofely cohering folid, as white as fnow, with a vitreous yellow 
coat, as before obferved ; the infide of the crucible was glazed 
and covered with fpkuia'. The pyrometer-piece in the middle 
©£ the powder was alfo covered with a yellow coat, but not 

A a a a * glazed. 
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glazed, pad it indicated 8i°. This loofidy cohering folid 
being puheiized arrhidcd a nvLiier powder than James’s 
P owder. 

(/^) The crucible, with its charge (i>), having a cover 
well luted on it, was again put into the furnace, and the 
{.'.2 1 ihJ to aunoft as great a degree as I was able. This 
inte ifie beat was kept up above an hour. After cooling, a 
white haid folid mafs was found within the ciucible. On 
break’mg the veffel, to detach from it the charge, this folid 
mafs was found as hard as marble, and to have received its figure 
from the crucible. Its fu: face was covered with a yellow vi¬ 
treous coat, and the whole inlide of the veffel had a beautiful 
gold-coloured glaze with many argentine fpicula. The pyro¬ 
meter p’ece in the middle of the charge was alfo covered with 
a fine yellow glaze, and indicated 166°. This folid, hard mafs 
weighed only 21 grains Ids than before the experiment, though 
the whole infide of the crucible was glazed, and had Chining 
fptcula upon it. A piece of this hard mafs being pulverized, it 
afforded a whiter powder than James’s powder is in general. 

exp. vi. 2000 grains of coarfdy powdered antimony, mixed 
with 1105 grains of calcined hart’s horn in powder, were 
calcined full in an open veffel, and then expofed to a great degree 
of fire in a clofe veffel, as in the above experiments with bone- 
Chavings, Exp. 3. and 4. The calcination of this mix¬ 
ture in the open veflel afforded 2550 * grains, of a lefs whitifh 
and rather yellowifh powder, inftead of a light afh-colour, as with 
bone fhavings, Exp. 3. p. 353.; and by the fecond, and even 

* In another experiment of this kind 2400 grains of antimony anti 1520 
grains of calcined bone afforded 3450 grains of yellowifh light-brown powder. 
In a third trial, 600 grains of antimony and 400 grains of calcined bone gave 
>850 grains of jellowifh broftn powder. 
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repeated enrofu re to fire, it - raver could be made quite fo white, 
but feerned more inclined to melt than the powder prepaied 
with unburnt Lone. In ether lripeds the eitecls of fire were 
apparently the fame, or nearly fo, rs in the experiments 
with bone fhavings, Exp, 3, 4. ; for though the lofs of 
weight in this experiment, reckoning that of the antimony at 
29I per cent., and that of the bone a flies at 2j per ant. should 
have left 2483 only, in (lead of 2550 ; yet, in ether ft milar 
experiments, the product correfponded nearer to this calcula¬ 
tion, and the lois was fometimes lei's both of the antimony 
and bone calcined feparately. Some of the perfons who pre¬ 
pare the Pulvis anthnonialis fay, that the whiteft colour is 
obtained by fir ft boiling the bone fhavings to diffclve their 
mucilage, and then calcining them with antimony as above 
fliewn. Mr. Liee’s receipt direfts previous decoction of the 
hart’s horn. 

It will not be difficult, from thefe experiments, to give a 
probable reafon for the James’s Powder being generally of a 
yellowifli caft, and for different parcels of it, as well as of the 
Pulvis anthnonialis, being genei ally of different degiees of whbe¬ 
liefs and fhades of vellow. The colour of this preparation is, 
however, a very delicate one. I once directed a perfon to 
calcine together antimony and bone fhavings, in the ufual 
manner, to that ftate in which the white powder may be 
produced by a due degree of fire; but, inftead of a fnovv-white 
mafs, I could not by any degree of fire obtain any colour 
but a dirty whitifh or light ftone colour; though repeated 
calcinations were employed. The reafon of the failure 
was, that the earthen difh had been broken during the 
calcination, and a few very fmall pieces of it had fealed off, 
and being mixed with the powder occafioned this difappoiutraent 

with 
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with refpeft to colour. The fame difappointment has been alfo 

occafioned by ufing a rufty iron rod in calcining the mixture. 

The bone-afhes procured fiom the fai ammoniac and 
fpirit of hart’s horn manufactories, frequently failed in pro¬ 
ducing a white powder; and fo did fometi tries the bone-afhes, 
called prepared hart’s horn, fold by the druggifts. Even after 
a fine white coloured mafs had been made, if it was pulveiized 
in an iron mortar that had extremely little calx upon its furface, 
or dirt, the powder was not white. 

The yellow coat and glaze on the fides of the crucible and 
furface of the calcined mixture of bone and antimony, in thefe 
experiments, is to be afcribed rather to the fufion of the clay 
of the crucible with the antimonial calx, than to the greater 
degree of fire in the part of the crucible in which it takes place ; 
or than to the calx of iion and filiceous earth of the veffel: 
becaufe the fame yellow coat and glazing are produced on the 
Wedgwood pyrometer pieces, which are placed in the middle 
of the charge, and where the degree of heat cannot be fo great 
as nearer the fide of the crucible, and yet a fnow-white mafs 
is produced between thefe clay pieces and the fides of the 
crucible. This effeft of clay, in forming a yellow coat and 
glaze, is fhewn by the obfervation of what happens when the 
calcined mixture is put into a Wedgwood’s crucible, which is 
made of much purer clay than other vefiels of this kind, and 
when it is fet in a larger Heffian crucible with the fpace be¬ 
twixt the two vefiels filled with the fame calcined mixture. 
After expofure to a fufficient degree of fire, viz. about 120° of 
Wedgwood’s fcale, the infide and outfide of the inner cru¬ 
cible will be covered with a yellow vitreous coat and glaze as 
well as the infide of the outer crucible in contact with the 
charge, while the reft of the matter within thefe vefiels is of 
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a fnowy whitenefs. This yellow coat is one reafon for the 
powder being of a {hade of yellow in fome fpecimens. 

Suppofing the fufibility of the antimonial calces to be dimi- 
nifihed the more they are calcined; the following experiment 
fhews, that the antimonial calx in James’s Powder is more 
calcined than that in Exp. 2. 

exp. vn. 70! grains of calcined antimony, as prepared in 
Exp. 2. triturated with 53I grains of calcined bone, formed a 
powder of a bluifh caff, which being expofed in a clofe cru¬ 
cible, for half an hour, in a melting furnace, the degree of 
fire in which was 120° of Wedgwood’s icale, it was found 
melted into a vitreous, pale bluifh mafs; and the iufide of the 
crucible was glazed yellow, with red {freaks, and had argen¬ 
tine jpkula adhering to it. 

exp. viii. 800 grains of the calcined antimony of 
Exp. 2. were calcined for eight hours in a difih, as in 
making Lile’s Powder, by {birring it conftantiy, and keeping 
the bottom of the veffel red hot during the whole time; the 
two laff hours alio the whole of the powder was kept red hot. 
On cooling, this calx was an impalpable light-brown powder. 

(a) 100 grains of this calx, triturated with an equal quan¬ 
tity of calcined hart’s horn, formed a powder very unlike 
James’s i'owder, for it was of a light-brown colour. On expo- 
fin g it to about 120° of fire it melted into a yellow opaque mafs. 
' (&) The remaining 700 grains of the calcined antimony of 
this experiment were expofed to fire and air as before for eight 
hours longer, and kept red hot a great part of the time; but 
the calx became very little lighter coloured than before. 

(f) 100 grains of this calx laft mentioned triturated 
with as much calcined hart’s horn, being expofed to the degree 
©f fire ufually applied in making the Pulvis Antimonialis, in a 
6 clofe 
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clofe veffel, the mixture melted partially into a greyilh 

mats. 

( 'd ) 150 grains of the calcined antimony (<$) of this experi¬ 
ment were mixed with an equal weight of calcined hart’s horn. 
This mixture was raked about in an earthen difli for an hour, 
during a great part of which time it was red hot. On cooling, 
the powder was evidently lighter coloured than before this cal¬ 
cination. It was then expofed in a clofe crucible to a white 
heat for half an hour; and, after cooling, a loofely cohering 
white folid, with a vitreous yellow coat, was found, little 
inferior in whitenefs, and otherwife refembling James’s 
Powder. 

(e) 300 grains of the calcined antimony (b) of this experi¬ 
ment were raked about in an earthen difh for an hour, a great 
■part of which time they were kept red hot. On cooling, the 
calx was found of the fame colour as before; and after ex¬ 
posing it in a clofe crucible in the melting furnace to almoft a 
white heat for half an hour, it was obferved to have been 
melted into a yellowifh mafs. 

It fee ms at lead: very probable, from this experiment, that 
no degree or duration of fire, applied in open or clofe veffels to 
antimony alone, can produce a calx of the fame kind as that in 
James’s Powder: nor, perhaps, can fuch a powder be 
compofed by fire applied, in clofe veffels, to calx of anti¬ 
mony mixed with calcined bone; but if antimony duly 
calcined be mixed with calcined bone, and expofed to 
air, in a due degree of fire, for a fufficient length of time, 
and then a dill greater degree of fire be applied to it in 
clofe veffels, fuch a compound may be formed as James’s Pow¬ 
der. This experiment alfo proves, that the fulphur in anti- 
x snooy is no ways neceffary to the formation of this compound. 

The 



on the Compofalcn cf James’s Poivder. 361 

The manner in which air and fire a£t upon the anfknoniai 
calx and phofphorated lime, I {hall venture to conjecture. 

It is probable, that the calx cf antimony and phofphorated 
lime combine with each other. 1. Eecaufe it requires the ap¬ 
plication of heat and air for a {hotter fpace of time to feparate 
the fulphur from a given quantity of antimony mixed with 
bone-alhes than to produce this effeff on antimony by itfelf: 
nor can the fpeedy calcination of antimony with bone-afhes be 
explained by fuppofing that the antimony can then bear more 
heat without melting ; for the difference in the degree of heat 
applied in the two cafes is not, apparently, fufficient to account 
for the difference of the times required for defulphurating the 
antimony. 2. Becaufe it appears, that heat, applied to anti¬ 
mony in a confiderable variety of degrees, and air for various 
fpaces of time, formed a calx very different in colour, fufibi- 
lity, and other chemical qualities, from that produced by cal¬ 
cining this metallic fubftance with bone-afhes. The ftrongefl 
confirmation, perhaps, of the opinion that the antimonial calx 
and phofphorated lime are chemically united together is, that, 
however long the calcination of the antimony and bone-alhes is 
continued in the open veffel it will only produce preciiely the 
fame fubftance, with refpedl to chemical properties, that is 
produced the moment the fulphureous fumes ceafe. 

But why is a fnow-white powder produced by expofing a 
mixture of calcined antimony and bone-afhes to air and fire for 
a due length of time, and then applying a greater degree of fire 
in clofe veffels, whereas no fuch white powder is formed by a 
mixture of any calx of antimony and bone-afhes, expofed to any 
degree of fire in clofe veffels, without previous expofure to fire 
and air ? The reafon may be, that in order that the calx fhould 
unite with the phofphorated lime, it muff be calcined to one 

Yon. LXXXL B b b certain 
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certain degree; ■which is effected by expofure to air and fire with 
the bone-afhes when it can part or combine with air, fo as to be 
reduced to that ftate in which it will be duly calcined for union 
with that fubftance, which could not happen in clofe vefiels. 

If it be objedted, that this explanation does not account for 
the whitenefs of this preparation, which is only produced by a 
white heat, and to which air is not necefiary, the difficulty 
will be removed by confidering that this whitenefs may be in¬ 
duced without any chemical alteration efft&ed by the fire: for, 
after the firft calcination in the open vefl'd, it leems to a£t, prin¬ 
cipally, in the fame way that it does in making grey coloured 
bone-afhes, or imperfectly burnt bone, of a Inowy whitenefs, 
namely, by totally deftroying matter extraneous to the phofpho- 
ric felenite. Fire alfo, in many inftances, alters the colour of 
bodies without occafioning any change in their compofition; 
and, perhaps, the change of the light clay or cineritious pow¬ 
der, formed by the calcination of antimony and bone-afhes in 
open vefiels, to a fnowy-white fubftance by further expofure to 
fire, depends in part upon its increafe' of fpecific gravity or 
other mechanical effedls of fire. A linking example of the 
power of fire to change the colour of bodies, by merely in- 
crcafing their fpecific gravity, is afforded by the operation of 
quartation, in which procefs, the fiiver being parted, the gold 
is left of the colour of copper; but, by expofure to a due 
degree of fire, it is changed to its well known yellow colour, 
without undergoing any alteration except an increafe of fpe¬ 
cific gravity. 

To elucidate the nature of the infoluble and infufible part of 
James’s Powder, I made the following experiments, in which 
I particularly had in view to determine whether feveral anti- 
monial calces be wholly foluble in acids. 


EXP. 
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exp. ix. (a) Needle-like cryftals of Algaroth powder dif- 
fiolved readily and totally in about thirty times their weight of 
marine acid. 

(F) Part of the fame pared cf cryftallized Algaroth pow¬ 
der was calcined for above two hours, during which time it 
was expofi d to as great a heat as it would bear without melting, 
and during which time it was conftautly raked about. Nearly 
half of this calcined calx readily diflbived in marine acid, 
and by boiling the remainder in a proportionally much greater 
quantity of the fame acid, great part of it was diflbived, and 
the fmall part which dill refilled folution could not be ditlolved 
in above 100 times its quantity of hot aqua regia. This indif- 
fbluble part afforded regulus with ta:tar by means of heat 
applied with the blow-pipe. 

(c) White flowers of antimony generally left a refiduum 
that was either infoluble, or diflbived with great difficulty, and 
in a fmall proportion, in marine acid or aqua regia ; yet this 
refiduum was reducible. Some parcels of this calx totally 
difiolved. 

( d ) A little of the antimony, long calcined in a former 
experiment, and afterwards melted into a yellow mats, 
Exp. 8. (a), would only partially diflolve in marine acid 
and aqua regia ; but the copious refiduum it left was reduced. 

(<?) Equal weights of cryftals of Algaroth powder and cal¬ 
cined bone mixed together, diflbived totally and readily in ma¬ 
rine acid. This fhews, that difengaged phofphoric acid does 
not precipitate antimonial calx when marine acid is prefent. 

(f) The calx antimonii nitrata of the Edinburgh Difpenfa- 
tory, argentine flowers of antimony, hyacinthine glafs of 
antimony, and calx precipitated from antimonial tartar by alkali 
of tartar, all diflbived readily and wholly in marine acid; but, 

B b b 2 (g) Dia- 
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{g) Diaphoretic antimony left a refiduum which mixed with 
tartar formed metallic grains under the flame applied by means 
of the blow-pipe. 

( h ) Any of the above foluble antimonial calces by further 
calcination with air and fire become more difficultly foluble, 
or partly indifloluble. 

The next experiments were made principally for the purpofe 
of knowing whether antimony calcined with vitriolic fele- 
nite, calcareous earth, and filieeous earth, would afford the 
fame fort of calx as antimony calcined with bone-afhes. 

exp. x. 1500 grains of well burnt and dry plafter of Paris, 
mixed with as much pulverized antimony, were calcined toge¬ 
ther in the fame manner as the mixture for making Liee’s 
Powder, Exp. 3. In half an hour the fulphureous fumes 
difappeared; after calcining half an hour longer in a heat 
that kept the bottom of the difh red hot, the mixture was 
of a reddifh brown or copper colour, and after cooling 
weighed 2520 grains. Suppofing, therefore, the whole defi¬ 
ciency of weight in this experiment to be from the fulphur 
carried ofl; and fuppofing the quantity of air combined with 
the metal to be the fame as in Exp. 2. the lofs of weight 
viz. 32 per cent, is more than would have been expedted ; but 
as in experiments of this nature it is not perhaps poflible to 
repeat them under preeifely the fame circumftances, the dif¬ 
ference of 2 i per cent, deficiency more than would have been 
calculated, may more reafonably be afcribed to the fublimation 
of antimony than to other caufes. By expofure to 70° of fire 
in a clofe crucible, this calcined mixture changed to a pale 
ftraw-coloured powder, and the fides of the veflel were glazed 
yellow. The change of colour was the fame in an open veflel 
in 6o° of fire. 


Though 
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Though it is probable, from this experiment, that there is 
an affinity between antimonial calx and vitriolic felenite, it is 
plain that the compound is very different from James's Powder. 

The next experiment with chalk and antimony, which Dr. 
Blagden had the goodnefs to fuggeft, would lead to feveral 
conclufious, but 1 ffiall only take notice of the compofition 
produced. 

Exp. xi. 1200 grains of antimony were mixed with 800 
grains of well wafhed, dried, and pulverized chalk, and cal- 
ciaed as in making Lile s Powder. In lefs than an hour the 
fmell of fulphur difappeared; after which the mixture was 
calcined half an hour longer. It afforded a lighter clay- 
coloured powder than the calcination of antimony with bone- 
aihes; and weighed 1800 grains. Fy expofure to ico° of fire 
this powder changed to a dirty white colour. On examination, 
infiead of aerated lime or chalk, there was found vitriolic fele¬ 
nite, part of which was probably combined with the antimo¬ 
nial calx; for, by means of boiling water repeatedly applied 
till the lixivium did not become turbid with muriated ba¬ 
rytes nor acid of fugar, I could only obtain 12 pa cent, of 
vitriolic felenite, mixed with a little antimonial calx; but by 
means of nitrous acid I feparated 45 per cent of this felenite, 
with fcarcely any antimonial calx in it. The refiduum, after 
this folution in nitrous acid, was calx of antimony with a little 
vitriolic felenite feemingly vitrified. Accordingly the cornpo- 
fition may be ftated to confift of 1000 parts of antimonial calx 
and 950 parts of vitriolic felenite which I iuter from the quan¬ 
tity of felenite diflolved by the nitrous acid, and effimated to 
remain united to the calx; and from the following calcula¬ 
tion of the proportion of thefe two ingredients formed in the 
experiment. 

2 


Anti- 
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Antimony* Sulphur* Ain 

1200 — 300 -f- 100 = 1000 Antimonial calx. 

Calcar. Aerial Vitriolic 

earth. acid. acid. 

800 — 300 4" 45° = 95° Vitriolic felenite. 

*9S° 

Lofs by fublimation and wafle 150 

3800 

With regard to the nature of this calx, the greatefl part of 
it readily diffolved in marine acid; and part of what then re¬ 
mained was alfo diffolved, but with great difficulty and very 
fparingly; a minute quantity refilled folution entirely. 

exp. xii. 600 grains of coarfely powdered antimony were 
mixed with 400 grains of purified white fand, and calcined as 
in making Lile’s Powder. The fmell of fulphur continued 
for one hour and a half, and the mixture was calcined for half 
an hour longer. On cooling, a brown powder was obtained 
which weighed 820 grains, and expofed to 100° of fire, melted 
into an irregularly figured, blackifh mafs, full of cavities. 

In this experiment the lofs of weight correfponds nearly to 
that in experiments above related, viz. thofe in which the 
deficiency of weight after calcining antimony alone was about 
29! per cent. The much longer time required in this experi¬ 
ment for carrying off the fulphur than in the calcinations with 
bone-afhes, gypfum, and chalk, perhaps is owing to there 
being no affinity between antimonial calx and filiceous earth. 

I beg leave to mention one more experiment relative to 
James’s Powder. 

exp. xiii. A medicine is fold by F. Newberv, under the title 
of “ James’s Powder for Horfes, Horned Cattle, Hounds, &c.” 
It is a light clay-coloured, gritty, taftelefs fubftance, in which 
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are feen {"mail Jpicula. It appears to me to be nothing more than 
James’s Powder for Fevers, or Lile’s Powder above-men¬ 
tioned, made by calcining antimony and bone-afhes together in 
open veflels ; becaufe, 1 ft, by expofure to a white heat in clofe 
veflels, it turns as white as James’s Powder. 2dly, It dif- 
folves partially-in nitrous acid; and the remainder diffolves 
partially in marine acid. The nitrous folution contains 
phofphoric acid and calcareous earth; and the muriatic folu¬ 
tion affords Algaroth powder. 

From the whole of the above analytical experiments it appears : 

1. That James’s Powder confifts of phofphoric acid, lime, 
and antimonial calx; with a minute quantity of calx of iron, 
which is confidered to be an accidental fubftance. 

2. That either, thele three effential ingredients are united 
with each other, forming a triple compound, or, phofphorated 
lime is combined with the antimonial calx, compofmg a double 
compound in the proportion of about 57 parts of calx and 43 
parts of phofphorated lime. 

3. That this antimonial calx is different from any other 
known calx of antimony in feveral of its chemical qualities. 
About three-fourths of it are ioluble in marine acid, and afford 
Algaroth powder; and the remainder is not foluble in this 
menflruum, and is apparently vitrified. 

From the preceding fvnthetic experiments it appears, that by 
calcining together bone-afhes, that is, phofphorated lime, and 
antimony in a certain proportion, and afterwards expofing the 
mixture to a white heat, a compound was formed coufifting of 
antimonial calx and phofphorated lime, in the fame proportion, 
and pofleffing the fame kind of chemical properties, as James’s 
Powder. 
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XXII. An Account of fome chemical Experiments on Tabafheer. 
By James Louis Made, Efq. F. R. SL 


Read July 7, 1791. 

T HE Tabafheer employed in thefe experiments was that 
which Dr. Russell laid before the Society, as fpeci- 
mens of this fubftance, the evening his Paper upon the fub- 
je& was read *. 

There were feven parcels. 

N° 1. confifled of Tabafheer extra&ed from the bamboo by 
Dr. Russell himfelf. 

N° 2. had been partly taken from the reed in Dr. Rus¬ 
sell’s prefence, and partly brought to him at different times 
by a perfon who worked in bamboos. 

N° 3. was the Tabafheer from Hydrabad; the fineffc kind of 
this fubftance to be bought. 

N os 4, 5, and 6. all came from Mafulapatam, where they 
are fold at a very low price. Thefe three kinds have been 
thought to be artificial compofitions in imitation of the true 
Tabafheer, and to be made of calcined bones. 

N° 7. had no account affixed to it. 

The Tabafheer from Hydrabad being in the greateft quan¬ 
tity, and appearing the molt homogeneous and pure, the 
experiments were begun, and principally made, with it. 

* See Phil. Trauf. Vol. LXXX. p. 283. 

Hydrabad 
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Hydrabad Tabajbeer. (N° 3.) 

§ I. (A) This, in its general appearance, very much refem** 
bled fragments of that variety of calcedotiy which is known to 
mineralogifts by the name of Cacholong. Some pieces were 
quite opaque, and abfolutely white; but others poflfefled a 
fmall degree of tranfparency, and had a bluifli caft. The 
latter, held before a lighted candle, appeared very pellucid, 
and of a flame colour. 

The pieces were of various fizes; the largeft of them 
did not exceed two or three tenths of an inch cubic. Their 
lhape was quite irregular; fome of them bore impreffions 
of the inner part of the bamboo againfl; which they were 
formed. 

(B) ThisTabalheer could not be broken by preflure between 
the fingers ; but by the teeth it was eafily reduced to powder. 
On firft chewing it felt gritty, but foon ground to impalpable 
particles. 

(C) Applied to the tongue, it adhered to it by capillary 
a$tra£tion. 

(D) It had a difagreeable earthy tafte, fomething like that 
of magnefia. 

(E) No light was produced either by cutting it with a knife, 
or by rubbing two pieces of it together, in the dark; but a bit 
of this fubftance, being laid on a hot iron, foon appeared 
furrounded with a feeble luminous auricle. By being made 
red hot, it was deprived of this property of fhining when gently 
heated ; but recovered it again, on being kept for two months. 

(F) Examined with the microfcope, it did not appear dif¬ 
ferent from what it does to the naked eye. 

Vol. LXXXI. Ccc 
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(G) A quantity of this Tabafheer which weighed 75.7 gr. 
in air, weighed only 41.1 gr. in diftilled water whofe tempe¬ 
rature was 52.5 F. which makes its fpecific gravity to be very 
nearly = 2.188. 

Mr. Cavendish, having tried this fame parcel when become 
again quite dry, found its fpecific gravity to be = 2.169. 


Treated with water. 

§ II. (A) This Tabafheer, put into water, emitted a number 
of bubbles of air; the white opaque bits became tranfparent 
in a fmall degree only, but the bluifh ones neai ly as much 
fo as glafs. In this ftate the different colour produced by 
reflected and by tranfmitted light was very fenfible. 

(B) Four bits of this fubftance, weighing together, while 
dry and opaque, 4.1 gr., were put into diftilled water, and let 
become tranfparent; being then taken out, and tlie unab- 
forbed water haftily wiped from their furface, they were again 
weighed, and were found to equal 8.2 gr. 

In the experiment § I. (G), 75.; gr. of this fubftance ab- 
foibed 69.5 gr. of diftilled water. 

(C) Four bits of Tabafheer, weighing together 3.3 gr. were 
boiled for 30' in half an ounce of diftilled water in a Florence 
ftafk, which had been previoufly rinced with fome of the fame 
fluid. This water, when become cold, did not fhevv any 
change on the admixture of vitriolic acid, of acid of fugar, 
nor of folutions of nitre of filver, or qf cryftals of foda; yet, 
on its evaporation, it left a white film on the glafs, which 
could rtqt be gpt off by wafhing iq cold water, nor by hot 

marine 
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marine acid; but which was difcharged by w<trm cauftic vege¬ 
table alkali, and by long ebullition in water. 

Upon thefe bits of Tabafheer, another half ounce of 
diftilled water was poured, and again boiled for about half an 
hour. This water alfo on evaporation left a white film on the 
glafs veffel, fimilar to the above. The pieces of Tabafheer 
having been dried, by expofure to the air for fome days in a 
warm room, were found to have loft one-tenth of a grain of 
their weight. 

To afcertain whether the whole of a piece of Tabafheer 
could be diffolved by boiling in water, a little bit of this fub- 
ftance, weighing three-tenths of a grain, was boiled in 36 
ounces of foft water for near five hours confecutively; but 
being afterwards dried and weighed, it was not diminifhed in 
quantity, nor was it deprived of its tafte. 


With vegetable colours . 

§ Ilf. Some Tabafheer, reduced to fine powder, was boiled 
for a confiderable time in infufions of turnfole, of logwood, 
and of dried red cabbage, but produced not the leaft change in 
any one of them. 


At the fire-. 

§ TV. (A) A piece of this Tabafheer, thrown into a red hot 
crucible, did not burn or grow black. Kept red hot for fome 
time, it underwent no vifible change ; but when cold, it was 
harder, and had entirely loft its tafte. Put into wafer it 

C c ca ; S^w 
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grew tranfparen^ juft as it would have done, had it not been 
ignited. 

(B) 6 .4 gr. of this fubftance, made red hot in a crucible, 
were found, upon being weighed as foon as cold, to have loft 
two-tenths of a grain. This lofs appears to have arifen merely 
from the expulfion of interpofed moifture; for thefe heated 
pieces, on being expofed to the air for fome days, recovered 
exaCtly their former weight. 

• (C) A bit of this fubftance was put into an earthen cruci¬ 
ble, furrounded with fand, and kept red hot for fome time; 
when cold, it was ftill white, both exteriorly and interiorly. 

(D) Thrown into fome melted red hot nitre, this fubftance 
did not produce any deflagration, or feera to fuffer any alte¬ 
ration. 

(E) A bit expofed on charcoal to the flame of the blow-pipe 
did not decrepitate or change colour; when firft heated it 
diffufed a pleafant fmell; then contracted very confiderably in 
bulk, and became tranfparent; but on continuing the heat it 
again grew white and opaque, but, feemed not to Ihew any 
inclination to melt per fe. Poffibly, however, it may fuffer 
fuch a femi-fufion, or foftening of the whole mafs, as takes, 
place in clay when expofed to an intenfe heat; for when the 
bit ufed happened to have cracks, it feparated during its con¬ 
traction, at thefe cracks, and the parts receded from each other 
without falling afunder. 

If, while the bit of Tabafheer was expofed to the flame, 
any of the allies of the coal fell upon it, it inftanJtly 
melted, and fmall very fluid bubbles were produced. That the 
opacity which this fubftance acquires on continuing to'heat it 
after it is become tranfparent, is not owing to the fufion of its. 

4 ' furface 
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furface by means of fome of the afhes of the charcoal fettling 
upon it unobferved, appeared by its undergoing the fame 
change when fixed to the end of a glafs tube > in the method 
of M. de Saussure *. 


With acids, 

§ V. (A) A piece of Tabafheer, weighing r.2 gr. was 
firft let fatiate itfelf with diftilled water; its furface being 
then wiped dry, it was put into a matrafs with fome pure 
white marine acid, whofe fpecific gravity was 1.13. No effer- 
vefcence arofe on its immerfion into the acid; nor did this 
menftruum, even by ebullition, feem to have any adtion upon 
it, or itfelf receive any colour. The acid being evaporated 
left only fome dark coloured fpots on the glafs. Thefe 
fpots were diftolved by diftilled water. No precipitation was 
produced in this water by vitriolic acid, or by a folution of 
cryftals of foda. The bit of Tabafheer wafhed with water, 
and made red hot, had not fuftained any lofs of weight. 

The pores of the mafs of Tabafheer were filled with water 
before it was put into the acid, to expel the common air con¬ 
tained in them, and which would have made it impoffible to 
afcertain with accuracy whether any effervefcence was pro¬ 
duced on its firft contad with the menftruum. 

(B) Another portion of Tabafheer, weighing 10.2 gr« 
was boiled in fome of the fame marine acid. Not the leaf! 
precipitate was produced on faturating this acid with folution 
of mild foda. This Tabafheer alfo, after having been 

* Journal de Phyfi^ue, Tom. XXVI. p. 409. 
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grew tranfparen|j, juft as it would have done, had it not been 

ignited. 

(B) 6.4 gr. of this fubftance, made red hot in a crucible, 
were found, upon being weighed as foon as cold, to have loft 
two-tenths of a grain. This lofs appears to have arifen merely 
from the expulfion of interpofed moifture; for thefe heated 
pieces, on being expofed to the air for fome days, recovered 
exadtly their former weight. 

(C) A bit of this fubftance was put into an earthen cruci¬ 
ble, furrounded with fand, and kept red hot for fome time; 
when cold, it was ftill white, both exteriorly and interiorly. 

(D) Thrown into fome melted red hot nitre, this fubftance 
did not produce any deflagration, or feem to fuffer any alte¬ 
ration. 

(E) A bit expofed on charcoal to the flame of the blow-pipe 
did not decrepitate or change colour; when firft heated it 
diffufed a pleafant fmell; then contra&ed very confiderably in 
bulk, and became tranfparent; but on continuing the heat it 
again grew white and opaque, but feemed not to Ihew any 
inclination to melt per fe . Poffibly, however, it may fuffer 
fuch a femi-fufion, or foftening of the whole mafs, as takes 
place in clay when expofed to an intenfe heat; for when the 
bit ufed happened to have cracks, it feparated during its con¬ 
traction, at thefe cracks, and the parts receded from each other 
without falling afunder. 

If, while the bit of Tabafheer was expofed to the flame, 
any of the afhes of the coal fell upon it, it inftaatly 
melted, and fmall very fluid bubbles were produced. That the 
opacity which this fubftance acquires on continuing to ‘heat it 
after it is become tranfparent, is not owing to the fufion of its 
4 fur facet 
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urface by means of fome of the afh.es of the charcoal fettling 
ipon it unobferved, appeared by its undergoing the fame 
:hange when fixed to the end of a glafs tube, in the method 
jf M. ns Saussdre *. 


With acids. 

§ V. (A) A piece of Tabafheer, weighing 1.2 gr. was 
fir ft let fatiate itfelf with diftilled water; its furface being 
then wiped dry, it was put into a matrafs with fome pure 
white marine add, whofe fpecific gravity was 1.13. No effer- 
vefcence arofe on its immerlion into the acid; nor did this 
menftruum, even by ebullition, feem to have any adion upon 
it, or itfelf receive any colour. The acid being evaporated 
left only fome dark coloured fpots on the glafs. Thefe 
fpots were diftolved by diftilled water. No precipitation was 
produced in this water by vitriolic acid, or by a folution of 
cryftals of foda. The bit of Tabafheer wafhed with water* 
and made red hot, had not fuftained any lofs of weight. 

The pores of the mafs of Tabafheer were filled with water 
before it was put into the acid, to expel the common air con¬ 
tained in them, and which would have made it impoffible to 
afcertain with accuracy whether any effervefcence was pro¬ 
duced on its firft contad with the menftruum. 

(B) Another portion of Tabafheer, weighing 10.2 gr* 
was boiled in fome of the fame marine acid. Not the leaft 
precipitate was produced on faturating this acid with folution 
of mild foda. This Tabafheer alfo, after having been 

* Journal de Phyfique, Tom, XXVI. p. 40% 

boiled 
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boiled in water, and dried by expofure for fome days to the air, 

w :s flili of its former weight. 

§ VI. This fubflance feemed in like manner to refill the 
aCtion of pure white nitrous acid boiled upon it. 

§ VII. (A) A bit of Tabafheer weighing 0.6 gr. was digefled 
in fome flrong white vitriolic acid, which had been made per¬ 
fectly pure by diflillation. It did not feem by this treatment 
to fuffer any change, and after having been freed from all ad¬ 
hering vitriolic acid by boiling in water, it had not under¬ 
gone any alteration either in its weight or pioperties. The 
vitriolic acid afforded no precipitate on being faturated with 
foda. 

(B) Two grains of Tabafheer reduced to fine powder were 
made into a pafle with fome of this fame vitriolic acid, and 
this mixture was heated till nearly dry; It was then digefled in 
diflilled water. This water, being filtered, tailed {lightly 
acid, did not produce the leaft turbidnefs with folution of foda, 
and fome of it, evaporated, left only a faint black {lain on 
the glafs, produced doubtlefs by the action of the vitriolic acid 
on a little vegetable matter, which it had received either from 
the Tabafheer, or from the paper. The undiflolved matter 
collected, wafhed, and dried, weighed 1.9 gr. 

§ V1IL 2 gr. of Tabafheer, reduced to fine powder, were long 
digefled in a confiderable quantity of liquid acid of fugar. The 
tafle of the liquor was not altered ; and being faturated with a 
folution of cryflals of foda in diflilled water, it did not afford 
any precipitate. The Tabifheer having been freed from all 
adhering acid, by very careful ablution with diflilled water, 
and let dry in the air, was totally unchanged in its ap¬ 
pearance, and weighed 1.98 gr. This Tabafheer being gra- 
3 duallv 
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dually heated till led hot, did not become in the leaft black, 
or lofe much ot its weight, a proof that no acid of fugar had 
fixed in it. 


With liquid alkalies . 

§ IX. (A) Some liquid cauftic vegetable alkali being heated 
in a phial, Tabafheer was added to it, which diffolved very 
readily, and in confiderable quantity. When the alkali would 
not take up any more, it was fet by to cool, but was not found 
next morning to have cryftallized, or undergone any change, 
though it had become very concentrated, during the boiling, 
by the e\ aporation of much of the water. 

(B) This folution had an alkaline tafte, but feemingly with 
little, if any, caufticity. 

(C) A drop of it changed to green a watery tin&ure of 
dried red cabbage. 

(D) Some of this folution was expofed in a fhallow glafs 
to fpontaneous evaporation in a warm room. At the end of a 
day or two it was converted into a firm, milky jelly. After a 
few days more, this jelly was become whiter, more opaque, 
and had dried and cracked into feveral pieces, and finally it be¬ 
came quite dry, and curled up and feparated from the glafs. 

The fame change took place when the folution had been di¬ 
luted with feveral times its bulk of diftilled water, only the 
jelly was much thinner, and dried into a white powder. 

Some of this folution, kept for many weeks in a bot¬ 
tle clofely flopped, did not become a jelly, or undergo any 
change, 

(E) A 
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(E) A ftnall quantity of this folution was let fall into a 
proportionably large quantity of fpirit of wine, whole fpecific 
gravity was .838. The mixture immediately became turbid, 
and, on ftanding, a denfe fluid fettled to the bottom, and 
which, when the bottle was haftiiy inverted, fell through the 
fpirit of wine in round drops, like a ponderous oil. 

The fupematant fpirit of wine being carefully decanted off, 
fome diftilled water was added to this thick fluid, by which it 
was wholly diflblved. This folution, expofed to the air, 
fhewed phenomena exactly fimilar to thofe of the undiluted 
folution (D). 

The decanted fpirit being alfo left expofed to the air in a 
lhallow glafs veffel, did not, after many days, either depofit a 
fenfible quantity of precipitate, or become gelatinous; but hav¬ 
ing evaporated nearly away, left a few drops of a liquor which 
made iufufion of red cabbage green; and, on the addition of 
fbme pure marine acid, effervefced violently. No precipitate 
fell during this faturation with the acid; nor did the mixture 
on ftanding become a jelly; and on the total evaporation of the 
fluid part, a fmall quantity of muriate of tartar only remained. 
The fpirit of wine feems, therefore, to have diffolved merely a 
portion of fuperabundant alkali prefent in the mixture, but 
none of that united with Tabafheer. 

(F) To different portions of this folution were added 
fome pure marine acid, fome pure white vitriolic acid, and 
fome diftilled vinegar, each in excefs. Thefe acids at flrft pro¬ 
duced neither heat, effervefcence, any precipitate, or the ieaft 
fenfible effed, except the vitriolic acid, which threw down 
a very fmall quantity of a white matter; but, after ftanding 
fome days, thefe mixtures changed into jellies fo firm, that 

the 
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the glaffes containing them, were inverted without their 
falling out. 

This change into jelly equally took place whether the mix¬ 
tures were kept in open or clofed veflels, were expofed to the 
light, or fecluded from it; nor did it fee in to be much pro¬ 
moted by boiling the mixtures. 

(G) Some folution of mild volaflb alkali in diftilled water, 
being added to fome of this folution, feemed at the firft inftant 
of mixture to have no effect upon it; but in the fpace of a 
fecond or two it occafioned a copious white precipitate. 

(H) The flakes remaining on the glaffes at (D) and (E) put 
into marine acid raifed a flight effervefcence, but did not diff 
folve. Thefe flakes, when taken out of the acid, and well 
waftied, were found, like the original Tabaflieer, to be white 
and opaque when dry; but to become tranfparent when 
moiftened, and then to (hew the blue and flame colour, 

§ n * (A)*' 

(!) The jellies (F), diluted with water, and colle&ed on a 
filter, appeared to be the Tabaflieer unchanged. 

§ X. A bit of Tabaflieer, weighing two-tenths of a grain, was 
boiled in 127 gr. of ftrong cauftic volatile alkali for a con- 
fiderable time; but after being made red hot, it had not 
fuftained the leaf!: diminution of weight. 

§ XI. (A) 27 gr. of Tabaflieer, reduced to fine powder, 
Were put into an open tin veflei with ico gr. of cryftals of 
foda, and fome diftilled water, and this mixture was made boil 
fot three hours. The clear liquor was then poured off, and 
the Tabaflieer was digefted in fome pure marine acid; after 
fome time this acid was decanted, and the Tabaflieer waffled 
\vith diftilled water, which was then added to the acid 
Vol> LXXXI. Ddd (B) This 
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(B) This Tabafheer was put back into the alkaline foliation, 
which feemed not impaired by the foregoing procefs, and again 
boiled for a confiderable time. The liquor was then poured 
from it while hot, and the Tabafheer edulcorated whli feme 
cold diflilled water, which was afterwards mixed with this hot 
foliation, in which it infiantly caufed a precipitation. On 
heating the mixture it became clear again ; but as it cooled it 
changed wholly into a thin jelly; but, in the courfe of a few 
days, it feparated into two portions, the jelly fettling in a denfer 
Hate to the bottom of the veflel, leaving a limpid liquor 
over it. 

(C) The Tabafheer remaining (B) was boiled in pure marine 
acid ; the acid was then poured off, and the Tabafheer edulco¬ 
rated with feme diftilled water, which was afterwards mixed 
with the acid. 

(D) The remaining Tabafheer collected, wafhed, aqd dried,, 
weighed 24 gr. and feemed not to be altered. 

(E) The acid liquors (A and C) were mixed together, and. 
faturated with feda, but afforded no precipitate. 

(F) The alkaline mixture (B) was poured upon a filter, the 
clear liquor came through, leaving the jelly on the paper. 

Some of this clear liquor, expofed to the air in a faucer, at 
the end of feme days deposited a fmall quantity of a gela¬ 
tinous matter; after feme days more, the whole fluid, part 
exhaled, and the faucer became covered with regular cry Hals 
of feda, which afforded no precipitate during their folution in 
vitriolic acid. What had appeared like a jelly while moift 
affumed, on drying, the form of a white powder. This pow¬ 
der was infolubie in vitriolic acid, and feemed Hill to be 
Tabafheer, 


Same 
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Some of this clear liquor, mixed with marine acid, efter- 
vefced; did not afford any precipitate; but, on (landing fome 
days, the mixture became {lightly gelatinous, 

(G) Some of the thick jelly remaining on the filter, being 
boiled in water and in marine acid, appeared infoluble in both, 
and feemed to agree entirely with the above powder (F). 


With dry alkalies . 

§ XII. (A) Tabafheer melted on the charcoal at the blow¬ 
pipe with foda, with confiderable effervefcenee. When the pro¬ 
portion of alkali was large, the Tabafheer quickly diffolved, and 
the whole fpread on the coal, foaked into it, and vanished; 
but, by adding the alkali to the bit of Tabafheer in ex¬ 
ceedingly fmall quantities at a time, this fubftance was con 
verted into a pearl of clear colourlefs glafs. 

(B) 5 gr. of Tabafheer, reduced to fine powder, were melted 
in a platina crucible with loo gr, of cryftals of foda. The 
mafs obtained was white and opaque, and weighed 40.2 gr t 
Put into an ounce of diftilled water, it wholly difiolved. An 
excels of marine acid let fall into this folution produced an 
effervefcenee, and changed it into a jelly. This mixture was 
ftirred about, and then thrown upon a filter. The jelly left on 
the paper did not diSolve in marine acid by ebullition; coi- 
le&ed, wafhed with diftilled water, and dried, it weighed 4.5 
gr. and feemed to be the Tabafheer unaltered. 

The liquor which had come through being faturated with 
mineral alkali yielded only a very fmall quantity of a red pre¬ 
cipitate, which was the-colouring matter of the pink blotting 
paper through which it had been paffed. 

D-d d z 
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(C) io gr. of Tabafheer, reduced to powder, were mixed 
with an equal weight of foda, deprived of its water of cry- 
fiallization by heat. This mixture was put into a platina cru¬ 
cible, and expofed to a ftrong fire for if. It was then found 
converted into a tranfparent giafs. of a flight yellow colour. 
This giafs was broken into pieces, and boiled in marine acid. 
No efifervefcence appeared ; but the giafs was difToived into a 
jelly. This jelly, collected on a filter, well wafhed, and dried, 
weighed 7.7 gr. 

The acid liquor which came through, on figuration with 
foda, afforded not the leaft precipitate; but, after flan ding a 
day or two, it changed into a thin jelly. This collected on a 
filter was wafhed with diftilled water, and then boiled in ma¬ 
rine acid, but did not diffolve. Being again edulcorated, and 
made red hot, it weighed 1.6 gr. The filtered liquor (B) 
would in all probability have changed fimilarly to a jelly, had 
it been kept. Thefe precipitates were analogous to thofe 
§ IX. (i). ‘ 

(D) An equal weight of vegetable alkali and Tabafheer 
were melted together in the platina crucible. The giafs pro¬ 
duced was tranfparent; but it had a fiery tafte, and foon at¬ 
tracted the moifture of the air, and dissolved into a thick 
liquor. But two parts of vegetable alkali, with three of Ta¬ 
bafheer, yielded a tranfparent giafs, which was permanent. 

1 Treated ‘with other fluxes. 

§ XIII. (A) A fragment of, Tabafheer put into giafs of 
borax, and urged at the blpwrpipe, contracted very considerably 
in fize,. the fame, as when heated per: fe ; after which it con ti¬ 
nned turning about in,thq.,%$ !! diilblving with great difficulty. 

is and 
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and very {lowly. When the folution was effected, the falinc 
pearl remained perfectly clear and colourlefs, 

(B) With phofphoric ammoniac (made by faturating the add 
obtained by the flow combuffion of phofphorus with cauftic 
volatile alkalij the Tabafheer very readily melted on the char¬ 
coal at the blow-pipe, with effervefcence, into a white frothy- 
head. 

(C) Fufed, by the fame means, on a plate of platina, with, 
the vitriols of tartar and fbda, it appeared entirely to refill 
their adtion ; the little particles employed continuing to revolve 
in the fluid globules wuthout fuftaining any fenfible diminution 
of fize, and the falx tie beads on cooling a {fumed their ufual 
opacity. 

(D) A bit of Tabafheer was laid on a plate of fiver, and a 
little litharge was put over it, and then melted with the blow¬ 
pipe. It immediately a£ted on the Tabafheer, and covered it 
with a white glafly glazing. By the addition of more litharge 
the mafs was brought to a round bead, though with confidera- 
ble difficulty. This bead bore melting on the charcoal, with¬ 
out any redudlion. of the lead, but could not be obtained 
tranfparent. 

(E) The eafe with which this fubflance had melted with, 
vegetable afhes, led to the trial of it with pure calcareous 
earth. A fragment of Tabafheer, fixed to the end of a bit of 
glafs, was rubbed over with fome powdered whiting. As foon. 
as expofed to the flame of the blow-pipe, it melted with confi- 
derable effervefcence; but could not, even on the charcoal, and 
with the addition of more whiting, be brought to a tranfparent 
ftate, or reduced into a round bead. 

Equal weights of Tabafheer and pure calcareous fpar, both 
reduced to fine powder, were irregularly mixed, and expofed 

in 
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in the platina crucible to a ftrong fire in a forge for 20'but 
did not even concrete together. 

(F) When magnefia was ufed, no fufion took place at the 
blow-pipe. 

(G) Equal parts of Tabafheer, whiting, and earth of 
alum precipitated by mild volatile alkali, were mixed in a ftate 
of powder, and fubmitted in the platina crucible to a ftrong 
fire for 20', but were afterwards found unmelted. 


,’Examination of the other fpecimem . 

N° I. 

This parcel contained particles of three kinds; fome white, 
of a fmooth texture, much refembling the foregoing fort; 
others of the fame appearance, but yellowifh; and others 
greatly fimilar to bits of dried mould. 

The white and yellowifh pieces were fo foft as to be very eafily 
rubbed to powder between the fingers. They had a difagree- 
ble tafte, fomething like that of rhubarb. Put into water, the 
white bits fcarcely grew at all tranfparent; but the yellow 
ones became fo to a confiderable degree. 

The brown earth-like pieces were harder than the above, had 
little tafte, floated upon water, and remained opaque. 

Expofed to the blow-pipe, they all charred and grew black} 
the laft variety even burned with a flame. When the vegetable 
matter was confumed, the pieces remained white, and then had 
exa&ly the appearance, and poflefled all the properties, of the 
the foregoing Tabafheer from Hydrabad, and like it melted with 
foda into a tranfparent glafs. 


N°IL 



fame chemical Experiments on Tabafheer. 383 

N° II. 

Alfo confifted of bits of three forts. 

(a) Some white, nearly opaque. 

(/£) A few fmall very tranfparent particles, fhewing, in an 
eminenr degree, the blue and yellow colour, by the different 
direction of light. 

(c) Coarfe, brownifh pieces of a grained texture. 

Thefe all had exactly the fame tafte, hardnefs. See. and 
fiiewed the fame effedls at the blow-pipe, as N° I. 

27 gr. of this Tabafheer thrown into a red-hot crucible, 
burned with a yellowifh white flame, loft 2.9 gr. in weight, 
and became fo fimilar to the Hydrabad kind as not to be diftin- 
guifhed from it. 

Some of this Tabafheer put into a crucible, not made very 
hot, emitted a fmell fomething like tobacco afhes, but not the 
kind of perfume difeovered in that from Hydrabad, § IV. (E)- 

N a IV. 

All the pieces of this parcel were of one appearance, and a 
good deal refembled, in their texture, the third variety of N° 
II. Their colour was white; their hardnefs fuch as very diffi¬ 
cultly to be broken by preffure between the fingers. In the 
mouth they immediately fell to a pulpy powder, and had no 
tafte. 

A bit expofed on the charcoal to the blow-pipe became 
black, melted like fbme vegetable matters, caught flame, and 
burnt to a botryoid inflated coal, which foon entirely confumed 
away, and vanifhed. 

A piece put into water fell to a powder. The mixture being 
boiled, this powder diffolved, and turned the whole to a jelly. 

Thefe 
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Thefe properties are exa&ly thofe of common ftarcfi. 


N* V. 

Agreed entirely with N° IV. in appearance, properties, 
and nature. 


N° VI. 

The pieces of this parcel were white, quite opaque, and con¬ 
siderably hard. Their tafte and effe&s at the blow-pipe, were 
perfectly fimilar to thofe of the Hydrabad kind. 

N° VII. 

Much refembled N° VI. only was rather Softer, and feemed 
to blacken a little when firft heated. With fluxes at the blow¬ 
pipe it Shewed the fame effe&s as all the above. 

Conclufan. 

1. It appears from thefe experiments, that all the parcels, 
except N° IV. and V. confifted of genuine Tabafheer; but that 
thofe kinds, immediately taken from the plant, contained a 
certain portion of a vegetable matter, which was wanting in 
the fpecimens procured from the Shops, and which had pro¬ 
bably been deprived of this admixture by calcination, of which 
operation a partial blacknefs, obfervable on fome of the pieces 
of N° III. and VI. are doubtlefs the traces. This accounts 
alio for the fuperior hardnefs and diminished taSles of thefe 
forts. 

2. The nature of this fubSlance is very different from what 
might have been expe&ed in the prodnd of a vegetable. Its 
indeSlrudtibility by fire; its total refiftance to acids j its uniting 

by 
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by fufon with alkalies in certain proportions into a white opaque 
mafs, in others into a tranfparent permanent glafs; and its being 
again feparable from thefe compounds, entirely unchanged by 
acids, &c. feem to afford the ftrongeft reafons to con fide r it as 
perfectly identical with common fthceous earth . 

Yet from pure quartz it may be thought to differ in fome 
material particulars ; fuch as in its fufing with calcareous earth, 
in fome of its effects with liquid alkalies, in its tails, and its 
fpecidc gravity. 

But its tafte may arife merely from its divided flate, for 
chalk and powdery magnefia both have taftes, and tallies which 
are very fimilar to that of pure Tabafheer; but when thefe 
earths are taken in the denfcr flate of cryflals, they are found 
to be quite infipid; fo Tahafneer, when made more folid by 
expofure to a pretty flrong heat, is no longer perceived, when 
chewed, to act upon the palate, ■§ IV. (A). 

And, on accurate comparifon, its effects with liquid alka¬ 
lies have not appeared peculiar; for though it was found on 
trial, that the powder of common flints, when boiled in fome 
of the fame liquid cauflic alkali employed at § IX. (A), was 
fcarcely at all adted upon ; and that the very little which was 
diffolved was foon precipitated again, in the form of minute 
floccuB , on expofing the folution to the air, and was imme¬ 
diately thrown down on the admixture of an acid; yet the 
precipitate obtained from liquor JUicum by marine acid was dif- 
■covered, even when dry to diffolve readily in this alkali, but 
while flill moift to do fo very copioufiy, even without the a {lift* 
' ance of heat; and fome of this folution, thus faturated with 
filiceous matter by ebullition, being expofed to the air In a 
(hallow glafs, became a jelly by the next day, and the day 
after dried, and cracked, &c. exadtly like the mixtures § IX. 

Vm,. FfSOOvL E e e f D and 



5) 86 Mr. Macie’s Account cf 

(D and E). And another portion of this folution mixed with 
marine acid avoided no precipitate, and remained perfectly im- 
adefied for two days; but on the third it was converted into 
a firm jelly lil e that § IX. (F). 

As gypfutn is found to melt per fe at the blow-pipe, though 
refradlory to the flrongeft heat that can be made in a furnace, 
it was thought that poffibly fiiiceous and calcaieous earths might 
fiux together by this means, though they refill the utrnofc 
power of common fires; but experiment {hewed, that in this 
lefpefl quartz did not agree with Tabafheer. But this differ¬ 
ence feems much too likely to depend on the admixture of a 
little foreign matter in the latter body, to admit of its being 
made the grounds for confidering it as a new fubftance, in 
oppofition to fo many more material points in which it agrees 
with filex. 

Nor can much weight be laid on the inferior fpecific gravity 
of a body fo very porous. The iufufibility of the mixture 
§ XIII. (G) depended alfo, probably, either on an inaccuracy 
in the proportions of the earths to each other, or on a deficiency 
of heat. 

3. Of the three bamboos which were not fplit before the 
Royal Society I have opened two. The Tabafheer found in 
them agreed entirely in its properties with that of N° I. 
and If. 

It was obferved, that all the Tabafheer in the fame joint was 
exaflly of the fir me appearance. In one joint it was ali fimifar 
to the yeliowifh fort N° I. In another joint of the fame 
bamboo, it refembled the variety (r) of N’ II. Probably, 
therefore, the parcels from. Dr. Russell, containing each feve- 
ra! varieties of this fubftance, arofe from the produce of many 
joints having been mixed together. 


4. The 
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4. The allies, obtained by burning the bamboo, boiled in 
marine acid, left a very large quantity cf a whftifh infclable 
powder, which, fufed at the blow-pipe with foda, eftcrvefbcu, 
and formed a tranfparent glafs. Only the middle part of the 
joints was burned, the knots were fawed off, left, being po¬ 
rous, Tabalheer might be mechanically lodged in them. How¬ 
ever, the great quantity of this remaining fubftance fhews it 
to be an efiential, conftituent part of the wood. 

The afhes of common charcoal, digefted in marine acid, left 
in the fame manner an infoluble reftduum which fufed with 
foda with effervefcence, and formed glafs; but the proportion 
of this matter to the allies was greatly lefs than in the foregoing 
cafe. 

5. Since the above experiments were made, a Angular 
circumftance has prefented itfelf. A green bamboo, cut in the 
hot-houfe of Dr. Pitcairn, at Iflington, was judged to con¬ 
tain Tabalheer in one of its joints, from a rattling noife dis¬ 
coverable 011 lhaking it; but being Split by Sir Joseph Banks, 
it was found to contain, not ordinary Tabalheer, but a iolld 
pebble, about the fize of half a pea. 

Externally this pebble was of an irregular rounded form, of 
a dark-brown or black colour. Internally it was reddilh-brown, 
of a clofe dull texture, much like lb me martial filiceous ftones. 
In one corner there were Ihining particles, which appeared to 
be cryftals, but too minute to be diftinguilhed even with the 
microfcope. 

This fubftance was fo hard as to cut glafs! 

A fragment of itexpofed to the blow-pipe on the charcoal did 
not grow white, contract in fize, melt, or undergo any 
change. Put into borax it did not difiblve, but loft its colour, 

Ee e 2 and 
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and tinged the flux green. With foda it effervefeed, and 
formed a round bead of opaque black glafs. 

Thefe two beads, digefted in fome perfectly pure and white 
marine acid, only partially diffolved, and tinged this menfiruum 
of a greenifh yellow colour; and from this folution Pruffite 
of tartar, fo pure as not, under many hours, to produce a blue 
colour with the above pure marine acid, inftantly threw down 
a very copious Pruffian blue. 

% 

P. S. In afeertaining the fpecific gravity of the Hydrabad 
Tabaiheer, § I. (G), great care was taken in both the experi¬ 
ments that every bit was thoroughly penetrated with the water, 
and tranfparent to its very center, before its weight in the 
water was determined. 
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XXIII. A Second Paper on Hygrometry » 
By J. A. De Luc, Efq. F. R. S. 


Read July 14, 1791. 

PART II. 

I N the firft part of this Paper * I have treated of the funda¬ 
mental principles of hygrometry, and of fome hygrofcopic 
phenomena; and this will relate to a particular application of 
thofe premifes. 

62, Since the publication of my fuff hygrometer, many 
others have been invented, two of which are now principally 
in ufe; the hair hygrometer of M. de Saussure, and my 
hygromiter made of a Jlip of ubaltbone. If the comparative 
points of thofe inftruments could be determined in the whole 
extent of their fcales, the only inconvenience of their being 
both ufed would be, the necefiity of reducing to one of them, 
the obfervations made with the other; but from 70 to too of 
mine, which fpace includes the moll important period of moif- 
lure , their correfpondent indications are as different from one 
another, and as variable, as if they were the effects of two very 
different caufes. Therefore it is important to decide which of 
them fhould remain our only meafure of moifure , till, if pof- 
fible, a better one is found. The following pages, I hope, 
will lead to that decilion, 

* Sec Page x, of this Volume. 

2 63. The 
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63. The fundamental procefs of M. de Saussure, with the 
view of difcovering the effects of moijlure on the hair hygro¬ 
meter, was this. He repeatedly caufed fucceffive known quan¬ 
tities of water to evaporate into a clofe glafs veffel, previoufly 
reduced to extreme drynefs , and containing that hygrometer and a 
manometer', he obferved the correfpondent changes of thofe in- 
ftruments, and, by combining the refults of his experiments, 
he reduced to regular femes the correfpondent motions of the 
two iuftruments by equal quantities of evaporated water. 
Having confined himftelf to that only clafs of experiments, 
which, from caufes that I ffiall explain, could not difcover to 
him the difficulties of his attempt, he thought himfelf war¬ 
ranted to draw from them the following conclufions. ift. 
That the degrees of moifure in the inclofed medium , were nearly 
proportional to the quantities of water evaporated in the veffel; 
and that, confequently, the ratio obferved between thofe quan¬ 
tities and the march of bis hygrometer , could be confidered as 
giving immediately the march of the inftrument correfpondent 
to moifure itfelf; which, according to our common opinion, 
is a certain quantity of aqueous vapours fpread in the medium. 
2dly, That when no more water could evaporate in the veffel, 
the inclofed medium was arrived at extreme moifure ; and that, 
confequently, the point indicated at that time on his hygro¬ 
meter , was to be the limit of its jcale on that fide. 3 c ^ 3 r * f hat 
having, from thofe experiments, a pmbable determina.ion of 
the expanfions of the hair by fucceffive equal quantities of molf- 
ture , in beginning from the point were this is null, and ending 
at its extreme y his inftrument could not differ effentially from ail 
abfolute hygrometer. 

64. Thefe conclufions were very natural in the ftafe of M. 
jde Saussure’s experiments'; but before their publication I had 

fyyf f:;, ■ . . gone 
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gone over a great field of hygrofcopic phenomena, in which 
the hair, and a clofe vefjel, had a {hare; and thereby, feeing 
the obje&s in another light than M, de Saussure, I doubted 
of his conclufions. and I procured three of his hygrometers, in 
order to examine them on fome particular points. It was after 
that immediate verification of my conjectures concerning his 
inftrument, that I fettled the following conclufions, very dif¬ 
ferent from thofe above. 1 ft, That moisture, or the quan¬ 
tity of -vapour fpread in the medium itfelf, does not increafe in 
an inclofed fpace in proportion to the quantity of water eva¬ 
porated in it; becaufe of an increafmg, but undetermined, part 
of that water being depofifed on the tides of the veffel; and 
that, confequently, Mr. de Saussure’s experiments could not 
afford the determination of a real hygrofopic-fcale. 2dly, That 
the circumftance confidered by him as a fure fign of extreme 
moijiure exifting in the inclofed medium, namely, the maximum 
of evaporation in the fpace, has only that efteft when the tem¬ 
perature is very little above 3 a 0 ; but that, by fucceffive in- 
creafes of heat from that point, moijiure recedes farther and 
farther from its extreme', or from the point where no more 
vapour can be introduced in the medium without an immediate 
precipitation ; though at the fame time, there are fucceffive in- 
creafes in the quantity of vapour , and thereby a conftant maxi¬ 
mum'oi evaporation correfpondent with the affual temp.'attire, 
^dly. That, in approaching to extreme moijiure, the hair hygro¬ 
meter becomes Jlationary , and afterwards a little retrograde. In 
which march the unavoidable Irregularities of every hygrofcopic 
fubftance produce frequent anomalies; from which caufe it 
was very difficult for M. de Saussure, confidering the form 
of his experiments, to difcover the hygrofcopk lavs expreficd by 
the fecond conclufion j and with the unknown exiftence of that 

law r 
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!azv, to fufpedi the march of his hygrometert which accidental 
complication I fhall explain hereafter. 

65. When I published thofe refults of my experiments and 
obfervatlcns, M. de Saussure rejefted them ; not from having 
made new experiments that had confirmed his opinions; but 
becaufe he conjectured inverfely, that my theory refulted from a 
fallacious march of my hygrometer : and the well-earned 
reputation of that celebrated philofopher engaged me to 
undertake every experiment that could help me to detedt on 
which fide was the error. I have related, in the firft part of 
this Paper, fome of thofe experiments; and now, for their 
application, as well as for giving an account of fome others, I 
fhall follow more particularly M. de Saussure’s procefs. 

66. In a large glafs veiled, containing (as I have mentioned 
above) a manometer and his hygrometer, which vefifel he 
bad previoufly reduced to a known final 1 diflance from extreme 
drynefs , M. de Saussure introduced from time to rime a piece 
of wet doth, which he weighed both before he put it into the 
veflel, and when he took it out. The fucceffive increafes in 
the quantity of vapour refilling from that procefs were indi¬ 
cated; on the manometer , by fucceifive incteafes in the quantity 
of the inclofed elafiic Juids, which caufed the quickfilver to 
•afeend more and more in that inftiument; and on the hygro¬ 
meter , by’fucceffive expanfions of the hair. The maximum of 
evaporation was clearly indicated by the manometet ; for, during 
every lading temperature , the quickfilver, after having atcendeci 
to a certain point, remained fixed at that point, not wit h- 
flandmg a longer flay of the wet cloth ; and by repeating that 
operation at different temperatures, M. de Saus'-ure determined 
the quantities of evaporated water that, in a given fpace, and 
by a given temperature, produced the maximum of evaporation. 

That 



Hygrometry. 393 

That Angle determination, from its great confequences not 
ya generally attended to, would be fufEcicnt to fix the cele- 
biity of its author, as 1 have already exprefled many times in 
other works. 

67. But with refpect to a different ccnciufion from the fame 
experiments, no lefs important to natural philofophy, I have 
alfo faid, that M. de Saussure’s hygrometer may have milled 
him. We have feen, that the manometer indicated, by an 
indubitable fymptom, the maximum of evaporation ; for here 
the immediate caufe is clearly known, namely, the quantity of 
elajiic fluids ; and it is evident, that the quickfilver imift afeend 
in the inftrument in proportion to that quantity , and flop when 
it ceafes to increafe. But it is not the fame as to the indica¬ 
tions of the hygrometer in refpect of moiflure : M. de Saus- 
sure found himfelf that they were far from proportional to 
the intensities of their caufe; and in the laid Stage of his ex¬ 
periments, though thefe indications did not vary much by the 
different maxima of evaporation , they however varied in the 
fpace of 1 or a degrees. But as thofe fmall differences on the 
point where the hygrometer flopped in different experiments, did 
not follow apparently any law conformable to the temperature , 
M. de Saussure confidered them as fmall anomalies, una¬ 
voidable in hygrofcopic fubftances, and of little confequence 
on a fcale of 100 degrees ; therefore, laying afide that circum- 
fhnee, he could have no doubt, that, in every temperature , 
the maximum of evaporation in a clofe fpace was fynonymous 
with the maximum of moiflure in that fpace; while, from my 
experiments, thefe two fuppofed identical expreffions may differ 
*, and fometimes J, of the real fcale of moiflure , which is the 
cafe in the temperature of only 75 0 or 8o°. 

Voii. LXXXI. Fff 
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68. Let us now fuppofe for a moment, that the aboi e hygrofco- 
pic law, and the march that I attribute to the hair hygrometer, 
are real. In that cafe, if, during a conilant maximum of evapora¬ 
tion, the temperature varies from 32 0 to 8o°, moifiure will dimi- 
nifh 4. and even | of the whole; or, in other words, the Hate 
of the medium will be diflan t by fo much from that in which a 
new introduction of vapour would be followed by a precipita¬ 
tion. But at the fame time, in the whole of that period of 
moijlure , the hair hygrometer is fuppofed to move only 1 or 2 
degrees backwards and forwards, with frequent irregularities. 
Therefore, in the hypothefis, fuch a great change of moijlure 
would be hardly fufpedled from thofe fmall deviations of the 
hair hygrometer, in which at firfl nothing appears to be regu¬ 
lar ; and thereby it is evident, that, by confining himfelf to 
thofe experiments, M. be Saussure could not difcover thofe 
two important laws of hygrology and hyg r omeliy, of which 
I have here only fuppofed the exigence. 

69. Let us fuppofe again, that the hair hygrometer had not 
exifled before a certain number of other experiments ; and that 
M. de Saussure, in his attempt to produce an inflrument of 
that kind, had fixed on any of the Jlips made of fibrous vege¬ 
table or animal fubflances cut air ofs the fibres , of which many 
hygrofccpes had been made befoie in a coaifer maimer; and 
that, in every other lefpect, he had proceeded as he has done 
with the hair. In that cafe, having placed his hygrometer and 
the manometer in the fame veffel, with a quantity of water 
fufficient for producing the maximum of evaporation in every 
common temperature, and obferved alfo the points where 
both inflruments flopped in different lafting temperatures , he 
then would have found ; that the hygrometer indicated lefs and 
lefs moijlure, at the fame time that the manometer, by afeending 
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more and more as the evaporation increafed by more heat, indi¬ 
cated that increafe in the quantity of vapour, diftlnct from the 
expanfions of the fi lU\ ; and that each of thofe iuftruments 
remained alfo fixed in that ftate of oppoate changes, by every 
fufficiently durable change of temperature. The fiift obferva- 
tion of that phenomenon would have furprized him, as it 
did me, and it would have induced him alfo to try fome other 
of thofe Jlips; and by finding the fame phenomenon with 
every one of them, he would have been convinced, that it was 
a real law of moijlure. Laftly, if he had known Mr. James 
Watt’s obfervations on the great drynejs of the Jieam of bod¬ 
ing water, as long as it remains in a fpace as warm as the 
water that produces it (a condition always underftood when the 
general laws of evaporation are the object of inquiry); admit¬ 
ting with me, as it follows from his own theory, that luch jieam 
is no other than the fame kind of vapour thus far mentioned, 
only rendered capable of a greater denjiiy by more heat ,* he 
would then have feen the importance of that hygtofcopic law 
from its gieat extent. I have hardly any doubt, that extreme 
drynefs would reign in a clofe place fimilar to Papin’s dtgejlor, 
if there were a fufficient fpace above the water and a red 
heat ; though that fpace would be filled with vapour to the 
maximum. This relates only to the hygiofcop’c law heie in 
view, on which, in the fuppofed cafe, I do not think we could 
have had any controverfy. 

70. Laftly, let us fuppofe, that in order to tiy the effeft of 
moijlure on the fubftance he had firft chofen, or on fome other 
of the fame kind of fubftances, but taken lengthwise, M. de 
Saussure had happened to try firft one of thofe which, 
ufed in that manner, have a great retrogradathn, as goofe-quill 
and deal ; and that, after having previoufly obferved it in the 
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open air, he had inclofed it in the rnoifi viftl , at a time whe., 
the place where it flood before had the degree cf r.tfiu-e cei- 
refponding with the fictionalj ftate of that h?~, fi pc, he 
would then have obferved a phaenomeron as little expXcd as 
the former: for after that iuftrument had keen inclofed in the 
rnofi veJfJ, it would have moved, by that increafe of irofiurc, 
in the fame direction. as it had done in the open diy air when there 
was on the contrary an incieafe of drynefs. burprifed no doubt 
at that phenomenon, M. os Saussvrb would have fubmitted 
his new iuftrument to more experiments; he would alio have 
tried other threads, in which he would have found the fame fort 
of match, only at various degiees ; and if, in the couifcof thofe 
trials, he had fubmitted the hair to the fame expeiimsnts, the 
fmallnefs of its motions backwards and forwards, and their irre¬ 
gularities, would not have prevented him from difcoveiing in it 
the fame foit of march as he had then been ufed to fee in other 
threads ; and thereby, he would have abandoned the whole 
tribe of threads as unfit for the hygrometer. 

ji. The whole of that fuppofed courfe of experiments with 
Jj, s and threads, is that which I have followed from the time I 
Lad abandoned the conftruction of my firft hygrometer ; which I 
c Id Jpe daily with the view of being able to try many fum' races. 
Therefore my theory was formed in confequence of tne two 
above eonclufions, which appear to me immediate, and Inch as 
M. DE SaUssure could not have drawn differently, if he had 
followed the fame neceffary fteps : and now I will prove, more¬ 
over, that if it had not been for accidental circumftanecs in his 
own procefs, the hair alone would have engaged him by degrees 
to undertake the fame experiments. 

, j 2 . M. de Saussuee’s firft hygrometers, having their index at 
the top of the frame, could be plunged into water ; and he 
' tried 
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tried that method for fixing their point of extreme moijure, as I 
had done for my firft hygrometers. But in thofe trials he obferved,. 
that w hlb his inftruments flood in water, their indications re¬ 
mained u ,ch .ermined within a fpace of four or fire degrees ; and 
attributing that irregularity to a fnSiion of the hair with water, 
he thought it neceffary to change nay method, to that of placing 
the h.ji' itmer.i in a mcijl medium, which he produced by means 
of a girth'jar, wet on the infide, and inveited over water. In 
this method, the fituation of the index became indifferent; 
and, for feme particular reafon, he placed it at the bottom of 
his new bygi ometsrs, which then could not be plunged into 
water. This Lift circumftance was merely accidental; how¬ 
ever, we fhall fee how much it has influenced his opinions 
in refpect of extreme moijiure . 

73. I11 the firft account of his experiments, M. de Saus- 
sure did not enter into thofe particulars; but they are in his 
anfwer to me: and when I there law, that he gave as a reafon 
for having abandoned the immerfion in water, that a firong ad- 
hejion of the hair to that liquid impeded the freenefs of its 
motions, 1 found it more natural to affign to the inftrument 
itfelf the unfteadinefs of Its index which he attributed to that 
caufe. Indeed, In thofe firft hygrometers, one end of the axis 
palled through 0 hole for the purpofe of carrying the index out¬ 
wards, which wa, a caufe of much fri&ion : that axis befides 
was loaded with the weight of pretty large pincers, holding 
the hair, and that weight was counterpoifed on the other fide. 
Laftly, the connexion of the hair with the index was produced 
by a fiber lamina, which, though very thin, dppofed fome re- 
fiftance in bending round the axis. Thofe are defe&s that M. 
de Sadssure corrected 'afterwards; but they exifted in the 
inftruments which he plunged into water, and a. weight of 
5 oaI J 
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only 3 grains was not fufficient to keep their index fteady, either 
in neater or any where; and this he obferved himfeif. 

74. Notwithftanding that natural explanation of the unftea- 
dinefs of M. de Saussure’s fir ft hygrometer when in neater, I 
thought it neceftary to try, in the fame circumftance, fome 
well-conftruded hair hygrometer ; therefore I made two, fimi- 
lar to the laft of M. de Saussure’s in every refped, except 
that of having their index at the top; and for the connection 
of the hair with the axis , I ufed a kind of pincers , not above 
half a grain in weight, with a hair-like bit of hemp, which I 
know does not alter in any fenftble manner the march of the 
inftrument. Now, thefe hair hygrometers, with their weight 
of only 3 grains , being put into water, follow in it their own 
laws, arrive and remain fixed at their once fettled point, as 
well as any of my other hygrometers. This M. de Saus- 
sure would have alfo found, if in the improvement of his 
inftrument the axis bad remained at the top. 

75. Befoie I explain the influence which that accidental cir¬ 
cumftance of the place of his index has had on his opinions with 
refped to extreme moijlure , i muft mention another of the 
fame kind which has contiibutecl to the fame effect. It is evi¬ 
dent, both from theory and from M. de Saussure’s own expe¬ 
riments related above (§ 66.), that a fufficient quantity of wa¬ 
ter in any part of a clofe veflel is the only requisite for pro¬ 
ducing in it the maximum of evaporation ; but, with a view of 
accelerating that effed for the common purpofe of fixing the 
point of extreme moijlure on his hygrometer , he prefcribes 
wetting the infide of the veiled, belides inverting it over 
water. He did not (and indeed he could not) forefee the 
conlequence of that alteration in his firft procefs; but in 
fad it was fuch, as to prevent him from difcovering, even with 

time. 
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time, in thofe operations, what he would have feen immediately 
if his laft hygrometers could have been plunged into water. 

76. After the improvement of his hygrometers , their index 
was no more fubjedt to that unfteadinefs obferved in the fir ft; 
confequently they remained fixed under the moifi vejfiel ; but 
they did not fix at the fame point every time; and it happened 
accidentally , from caufes of irregularity in the vejfel itfelf, that 
in fome of the cafes, when the hair was the longefi , a precipi¬ 
tation of water happened (by fome partial cooling) on fome 
part of that veffel; and he took that appearance for a fure fign 
that there was a Juperfiuous quantity of water in the inclofed 
air. From that accidental connexion of circumftances he con¬ 
cluded, that his hygrometer indicated two different ftates of the 
medium in refpedt of extreme mo'jlure ; one, correfpondent to 
about 98 on that inftrument, which he confidered as real ex¬ 
treme moifiure , or that ftate of the medium in which no more 
vapour could be introduced into it without a precipitation 1 the 
other, when fuch a precipitation took place, which he made 
correfpondent to 100, or to the greateft length of the hair. 
Prepoftefled afterwards with that opinion, when I publifhed my 
comparative experiments of hia hygrometer and mine, in which, 
the latter flood fometimes at 80 when the former was at 98, 
he concluded from that circumftance, that while his hygrome¬ 
ter moved only 2 degrees by the utmoft effect of a fiuper- 
Jaiuraiion of the medium, mine had 20 of thofe significant 
degrees. In this centers the whole of our di Agreement, and I 
am now going to trace its caufe in the accidental circumftances 
above deferibed. 

77. When I plunge my hair hygrometers into water , where, 
as I have faid, they come to a fixed point, that point does not 
indicate the greatefi length of the hair; for, on the contrary, 

that 
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that to; sad is then f trier than it is moft times under the mJd 
vejjel. This M. de S iussure would have feen, if he had not 
been prevented, by the fituation of the index in his improved 
hygrometer, fiom trying again the effedt of water on the hah* ; 
and that phenomenon alone would finely have given a different 
courfe to his ideas; efpecially he would not have fuppofed, that 
the hair lengthens z degrees more, by a fnper-faturation of the me¬ 
dium, or by the immediate contad of concrete •water. 

78. If, alfo, when he fettled the manner of determining 
the point of extreme moijiure on his hygrometers, M. de Saus- 
sxjre had retained the fimpiicity of the procefs he had ufed for 
his fundamental experiments, in which a piece of wet cloth 
had been fufficient for producing the maximum of evaporation 
in his large veflel; and, in confequence, had contented himfelf 
with inverting his glafs jar over water, without wetting it 
on the infide, he would have avoided a great caufe of decep¬ 
tion which I am going to explain. In my firft experiments on 
the comparative marches of our hygrometers, in which I fol¬ 
lowed M. de Saussure’s prefcription for the motft vejfel, I 
found fome anomalies which puzzled me. M. de Saussure 
himfelf took notice of them in the account I gave of thofe 
experiments, and attributed them to my infhument. I did not 
agree with him in that lefped ; but it was long before 1 could 
difcover the real caufe> of thofe anomalies. The firft ftep 
towards that difcovery, was the reflecting on the ufelefinefs of 
wetting the veflel on the infide, for the only purpofe of pro¬ 
ducing in it the maximum of evaporation. That confideration 
engaged me to undertake a new courfe of the fame experi¬ 
ments, with a glafs jar merely inverted over water; and by 
that means, the greateft part of the real anomalies being re¬ 
moved, I obferved clearly in the march of the hair, the 

combined 
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combined effects of its own property, and of toe hjgrofcopic 
law refpeding evaporation which was known to me from other 
phenomena. 

79. As for the caufe of thofe anomalies which had been 
removed by the change of the procefs, the following phenome¬ 
non led me to difcover it. I oblerved frequently, at times when 
my hygrometer , placed under the jar, flood at a confiderable dis¬ 
tance from its point of extreme moifture, that a very fmall dimi¬ 
nution of heat was Sufficient to caufe, on the lower part of the 
veffel, the formation of a tarnijhed rim, extending one or two 
inches above the Surface of the water , with a thin vanifhing 
edge. Having reflected on that phenomenon, from the me- 
chanifm I affign to the operation of fire in the very ad of 
evaporation I concluded, that in Such a Jlagnant air every eva¬ 
porating Surface had an atmofphere of extreme moifture , which 
extended as indicated by the tarnijhed rim ; and that it was 
only beyond that limit that reigned the other law, of a de- 
creafing moifture , correspondent to the increafing maxima of 
evaporation by an increafing heat. That new law of evapora¬ 
tion offered evidently an adequate caufe for explaining the ano¬ 
malies obferved in the wet veffel; for glafs retains concrete 
water very imperfedly, and it runs down very foon from 
many of the places which had retained it. Confequently, 
under Such a partially wet veffel, and differently So at different 
times, the inftruments muff be varioufly affeded by Scattered 
atmofpberes of extreme moifture . 

80. However, before I could truft that explanation, I 
wanted to Submit it to Some dired experiment; and I Suc¬ 
ceeded by a means which at the fame time realized what M. 
be Saussure thought he had obtained, namely, to produce ex¬ 
treme moifture in a clofe Space, during any common temperature , 

Vol.LXXXI. Ggg without 
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without any -precipitation of i water from the medium. This I 
have produced by means of a wire cage, 4 inches in diameter, 
covered with cotton cloth, having at the top a refervoir , by 
which the cloth is kept thoroughly wet for a long time ; which 
cage befides is inclofed in the glafs jar inverted over water. In 
that apparatus, though in fummer-time, every hygrometer, 
either thread or Jip, moves and fixes itfelf, not fo fpeedily, but 
elfe exa&ly as if it was plunged into water, without any fuper- 
Jaiuration of the inclofed medium, or precipitation of water on 
the hygi ofcopic fubftance. 

81. We may fee now that the idea of two forts of extreme 
moljiure is without any foundation. In order to enforce the 
neceffity of taking the point of extreme morjiure in the air 
brought to that flate, and not in water, M. de Saussure fays, 
« That the hygrometer is not to meafure the moljiure of water, 
“ but that of the air” This at fir ft appears plaufible; how¬ 
ever, in reality, moljiure is no more to be confidered in water 
itfelf, than heat in the fluid called jit e. Water is the caufe of 
moljiure, as jire is the caufe of heat ; but thofe ejfedts are not 
produced on their caufes; it is on other fubftances- Therefore, 
if feme hygrojcopic fubftances are placed in a medium which has 
attained extreme moljiure, and* in proportion as they take 
water from it, the lofs of that water be conftantly repaired 
by a new evaporation, they will receive by degrees in fuch a 
medium , without any precipitation, as much water as if they 
were plunged in water itfelf5 for the limit is their capacity, 
which I have explained in § 19. This is the fame theoiy that 
I had expreffed in my fitft Paper on Hygrometry ; and it is com** 
pietely confirmed by the above experiment, with the difeovery 
of this new hygrojcopic law .* “ That in a jlagnant air, every 
** evaporating furface has an atmofphere of extreme mmjhere, 

“ which 
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44 which extends in a fpace of few inches, dtmlnifhes rapidly, 

44 and does not interfere beyond that limit with tire other laws 
44 of moiflure" 

82. 1 fhall now explain, by an example, what is the funda¬ 
mental deviation of an hair hygrometer , introducing in it, for 
a moment, thofe two lingular points 98 and 100, which, in 
M. de Saussure’s experiments, were a very natural caufe of 
miftake. A hair hygrometer and mine, being in a clofe vef- 
fel, at a time when the temperature, ftnfibly conftant, fhall be 
but little above 32 ; if moiflure is firft introduced into that veffel, 
fo as to bring the hair hygrometer, by a very flow direft motion, 
to 98, my hygrometer will Hop between 70 and 75; and both 
inftruments will be fixed, if moiflure and heat remain the fame. 
Let moifiure then be made to increafe very {lowly, till the hair 
hygrometer has attained its point 100 ; mine will have arrived 
at 80; and they again will remain at thofe points as long as, 
with the fame temperature , the fame quantity of vapour fhall 
remain in the veffel. Laftly, let a fufficient or fuperfluous 
'quantity of water be introduced into the veffd, the hair hy¬ 
grometer will retrograde to 98, and mine proceed to 100, at 
which points they will flop, whatever be the -quantity of wa¬ 
ter ; aad they will remain fixed, as long as the heat fhall not 
increafe. This explains the riddle of the fingular point 98, or 
of a certain point , various in different hair hygrometers, various 
even, at different times, in the fame individual, at which that 
inffrument ftands with very different degrees of moiflure ; confe- 
quently, its little motions round that point may create great 
deception, efpecially from the nature of organized fubftauces, 
on which now I fhall add a few words. 

83. The above is the fundamental march of the hair hygro¬ 
meter, fuch as it is on the whole, and as it would be con- 

' G ,gg 2 ftantly* 



404 -Mr. d e Luc on 

flantly, if no other caufe interfered ; but it is fubjedt to dif- 
turbing anomalies , which become worthy of attention within 
that fmali critical fpace which I have defcribed. The texture 
of organized hyg/oflofie fubflances occafions zfribfion between 
their parts, when, by the changes of moijiure and heat com¬ 
bined with their elafl-city, they undergo changes in their refpec- 
tive pofitions; whereby they hardly can completely return to 
the very fame arrangement, though with the fame external 
circumflances; even at extreme moijiure , when, there being 
lefs friSihn between their particles, the greatefl part of the 
difturbances produced in their former motions are reflored. To 
that general caufe of irregularity is added a particular caufe, 
when thofe fubflances are in the flate of hygrometers ; this is 
the influence of two oppofite forces adting conflantly on them ; 
one, the tendency of their component parts to remain united; 
the other, a weight or flpring which tends to feparate them. 
Certain accidental arrangements of their component parts give 
them more power to refill the action which tends to feparate 
them; and thofe arrangements are very changeable, by the 
alternate introduction and expulfion of moijiure , by a long flay 
within a fmali compafs of variations, and by more or lefs 
heat. This is a large field of fadls and fpeculations, not un- 
interefling in itfelf, but on which I mufl not dwell: what I 
have faid of thofe caufes is fufficient to account for the anoma¬ 
lies to which, more or lefs, every hygrometer is fubjedfc. But 
whereas in the flips, thofe anomalies create only fome irregulari¬ 
ties in the obfervations, without any deceiving confequence in 
refpedt of the laws of moijiure , they may deceive when they hap¬ 
pen to interfere in the critical part of the march of fome threads ; 
for in fiance, if, by a certain accidental arrangement of the con- 
flituent parts in a flip of whalebone , there happens to be fome 
a tenths 
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tenths of a degree difference, from one experiment to another, 
on its poiut of extreme moifture, that anomaly cannot be of any 
confequence on the determination of what muft be confidered as 
that ftate in the medium; but if it happens to the hair, which, 
in approaching extreme moifture , has but very fmall motions, 
it may reverfe thofe which it had had naturally (as I have ob- 
ferved it fometimes) and become a caufe of deception. 

84. I have now explained, how mere accidental circum- 
jftances have been the caufe of a difference in the ideas that M. 
de Saussure and I had formed on what is to be under- 
flood by extreme moifture in every cafe; and I am going to 
illuftrate the whole of that fubjed by a fingular fad. A a 
hygrometer made with a box thread, or a thin fafcicle of 
the fibres of that wood, being placed in open air, next to a 
hair hygrometer, or to moft of the other inftruments of that 
fort, moves in a contrary way from them; but we may lay 
a fide that circumftance, by fuppofing, that the numbers , marked 
on the dial of the firft, are increafing in the oppofite diredion 
from thofe of the other inftruments. Let us then fuppofe, that 
fome experimental philofopher had chofeu the box thread for 
his hygrometer ; with him I fhould have fallen into no contro- 
verfy on the point of extreme moifture; for, either under the 
moijl vejfel, or in any other cafe approaching extreme moifture , 
his hygrometer would have moved like mine. But the box 
thread , at approaching extreme drynefs , firft relents much its 
pa'ce, then becomes ftationary , and afterwards retrograde; by 
which property, with the concourfe of fome accidental circum- 
ftances as have happened in M. de Saussure’s experiments, 
the very fame queftions that I have examined with fo much 
labour in refjped of extreme moijture , only becaufe of the hair 
hygrometer, would have been tranfported to the point of ex- 
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tteme drynefs ; which, however, till now, has created no 
■doubt. 

85. That lingular thread illustrates alio another point, clofely 
connected with the retrogradation of its tribe, but not to be 
confounded with it; I mean the recoil. The common caufe of 
both phenomena is, two oppofite effeSls produced by changes 
of moifiure, on the length of threads. The retrogradation in 
the march, comparatively to that of moifture, is produced by 
one of the effeSls, which before was furpaffed by the other, 
becoming predominant; and the recoil, or a returning back a 
part of a firft ftride when moifture changes fuddenly, is pro¬ 
duced, by one of the effeSls, that on the fibres themfelves, being 
performed fooner than that on the fort of reticle formed by the 
fibres. Now, the box thread having its retrogradation at ap¬ 
proaching extreme drynefs, there alfo the recoil becomes fenfi- 
ble: it appears in the firft modifications of that thread when 
placed in my dry veffel, by motions backwards and forwards, 
as it happens to fome other threads, when taken out of water , 
or expoied to any other fudden change of moifiure. The box 
thread having a flow motion, no recoil is clearly diftinguilhable 
in its common march ; whereas the hair and the quill-th? ead, 
which, in appearance, are very quick, have generally a very 
difturbed motion when moifiure changes fuddenly. I have feen 
them, when in a free air, and happening to be in their fta- 
tionary ftate, moving quickly one way in a fpace of 1 or 2 de¬ 
grees, and then recoiling flower, lometimes to the fame point 
where they were before, while my hygrometer underwent a fteady 
change, which was in the firft direction of theirs. This phse- 
nomenon, of a complete recoil in the fiationary ftate of quick 
threads, is fimilar to the recoil of the index in thofe glafs frames 
that I have described in § 59. of this Paper, which have * 
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compenfation for the changes of heat by a thin brafs lamina: 
this being fooner affe&ed than the glafs rods , by fudden changes 
of heat, the index moves firft one way; then it recoils com¬ 
pletely, by the change being operated later in the glafs rods . 

86. The experiments briefly related in this Paper will, I 
hope, be fufficient to anfwer the following qu eft ion, which, 
has been made to me by fome obfervers of the two principal 
hygrometers here compared; “ Why does the hair hygrometer, 
“ when expofed to the open air in day time, come fo often 
“ near its point of extreme moflure, while the •whalebone hygro- 
“ meter almoft never comes within 30 degrees diftance of that 
Si point in fummer, and very feldom within 20 in winter, even 
“ in rainy weather (if preferred from rain) ?” The anfwer, 
according to the refults of thefe experiments, is this: “ The 
“ general march of the hair hygrometer is much decreafmg , 
“ comparatively to equal increafes of moijlure ; that march for- 
<c wards, ends in a ftationary ftate, and is followed by a fmall 
“ retrogradation \ while the •whalebone hygrometer has con- 
«* ftantly a march , if not proportional, at leaft constantly Jtmilar 
<s to that of moijiure itfelf.” 

87. There remains an objedt of inquiry, which is, a deter¬ 
mination of thofe ratios here generally expreffed. I have ex¬ 
plained, in the firft part of this Paper, the difficulties of that 
objedt, and what help may be found in comparing the marches 
of hygrometers with the acquisitions of weight of their fub- 
ftances, of which procefs I gave fome examples; and here I 
jfhall relate fimilar experiments on hair , whalebone, box, and 
aloes-pitta. But as I have already defcribed the whole procefs, 
and the manner of calculation of that clafs of experiments, I 
fliall only give here the refults of thefe laft. 


83. I 
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88. I mud, however, fir ft explain another redaction that I 
have added to the former. In the firft table which I have 
given of thole experiments, I followed the immediate divjfion 
of my inftruments, in which o correfponds to extreme drynefs , 
and ioo to extreme mot ft tire. But firft, under that form, the 
point called ioo by M. de Saussure would not appear in its 
true light, as it means the greateft length of the hair ; while 
the point ioo of my fcale defigns the ftate of that thread in 
Kwater , where it has a little retrogradation . Under that form 
alfo moft part of the terms in the obfervation on the box thread 
would be negative , fince it moves very long in a contrary direc¬ 
tion to the other hygrofeopes. For thefe reafons, inftead of 
calling p the point of extreme drynefs , and that of extreme moif- 
iure ioo, I have, in the following tables, applied the firft of 
thofe denominations to the fmalleft length of each fubftance, 
and the laft to their greateft length . That reduction produces 
no difference in the proportions between the terms, and none in 
the terms themfelves in refpect to ftps-, as in thefe, the greateft 
length is always obferved by extreme moifture , and the fmalleft 
by extreme drynefs. 


II. Table 
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II. Table of comparative changes in the weight and in the 
length of the fame fuhftances , by the fame increafes of moif- 


ture, correfpondent to the inarch of the flip 

of whalebone 

from $ to $ of its degrees. 





WHALEBONE. 

HAIK. 

Aloes-pitta. 

Incteafes of 

March of 

Increafes of 

March of 

Increafes of 

March 

the ^ eight 

the flip. 

the weight 

the hair. 

the weight 

of the 

m {havings. 


m a raafl of 


in a mafs of 

thread 



hair. 


pitta. 

of pitta. 

'xir. drynefs 0.0 

0 

0.0 

0.0 

0.0 

0.0 

6.0 

5 

4.8 

*S ‘7 

6.0 

20.6 

11.8 

10 

8.8 

29.0 

xi.8 

35 * * 

* 7*3 

*5 

12.5 

40.0 

17-3 

51.6 

22.2 

20 

15-9 

50.4 

22.2 

57*6 

*6.8 

25 

19.1 

59-7 

26.8 

75*6 

31.2 

3 ° 

22.2 

67-5 

31.2 

71.9 

35-2 

35 

26.6 

74-4 

35-2 

76.3 

39-7 

40 

29.0 

79-3 

39*7 

83.0 

44.0 

45 

32.0 

8 3'3 

44.0 

86.6 

48.x 

50 

35 -o 

88.0 

48. r 

93*6 

52.1 

55 

38.2 

90.0 

52.1 

9 6 *5 

57 -i 

60 

43-3 

92.8 

57 *i 

94*7 

61.7 

65 

49.8 

94.1 

61.7 

98.2 

66.3 

70 

55-3 

95-4 

66.3 

100.0 

71.9 

75 

61.9 

97.0 

7**9 

99*2 

77.6 

80 

68.7 

100.0 

77.6 

98.2 

* 83.2 

85 

* 76.0 

99-5 

* 83.* 

96 8 

* 88 8 

90 

* 84.0 

99.2 

* 88.8 

94.x 

* 94-4 

95 

* 92-0 

98.6 

* 94*4 

91.9 

In water ^ioo.o 

100 

# ioo.o 

97-7 

# 100.0 

88.3 


89. In the above, and in the following experiments, the 
operation of fucceffively introducing moiflure into the veffel was 
flopped, when the flip of whalebone was at 80, as beyond that 
term the fmalleft difference in the temperature between the parts 
of the apparatus creates great anomalies; therefore the fol- 
Vol. LXXXI. Hhh lowing 
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lowing terms in the three columns of weights, which are 
marked with an *, have only been added (as I have explained 
for the former Table) with the view of having a common mo - 
dulum between the changes of weight and the marches of the 
other inftruments. But the obferved terms remain in their 
original proportions , and from thefe we may fee, that the march 
of the Jl'p of whalebone does not differ much from the fuccef- 
five increafe of weight in its own fubftance; and that when 
taken out of the apparatus, and immediately plunged into 
water , it proceeds in the fame direction as before, till it has 
attained its fixed point, while the hair takes, comparatively 
with the increafe of weight of its own fubftance, great ftrides 
in the beginning of its march , and very fmall fteps in the latter 
part of it, before too; and then retrogrades a little, when 
taken out of the apparatus, and plunged into water. We fee 
befides in that table, that the thread of aloes-pitta , which at 
firft takes ftill greater ftrides than the hair, has, after a longer 
Jlationary or undetermined ftate, a determined beginning of 
rdegradation at the fame time that its own fubftance conti¬ 
nues to acquire height in the apparatus, and continues that 
retrograde march when, being taken out of the veffel, it is 
plunged into water. 

90. The following table will farther iiluftrate thefe cha- 
radteriftic differences of Jlips and threads , the afcertaining of 
which was fo eflential to hygrometry. 


111 . Table 
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HI, Table of experiments on the comparative changes in the 
weight and the length of the fame fuhftance by increafe of 
moifture. 


BOX. 


Slip of 

March of 

Increafes of 

March of 

whalebone. 

the Hip. 

the weight 
in fiiavings. 

the thread. 

Mxtr* drynefs o 

0.0 

0.0 

£2-8 

5 

4-5 

7*3 

87.2 

10 

9-5 

12.8 

93.2 

*5 

* 4*5 

17.8 

97.8 

20 

20.0 

22.6 

100.0 

2 S 

25-7 

27*3 

95*9 

3° 

3**5 

31.3 

92.7 

35 

38.0 

38.5 

88.6 

40 

45-5 

44-5 

79*9 

45 

5 r *5 

49*7 

7°*3 

So 

5&-5 

54*8 

6 3*9 

55 

61.2 

59*i 

57 3 

60 

65.7 

63.1 

51.® 

65 

69.7 

66.4 

47*5 

70 

73-7 

69.6 

40.9 

75 

77*7 

76.6 

3M 

80 

81.5 

80.0 

21.7 

85 

85.9 

* 85.0 

16.0 

90 

9°-5 

* 90.0 

10.4 

95 

95-5 

* 9S-o 

5.1 

In Water 100 

100*0 ' 

*100.0 

0.0 

We fee in this 

table the flip of box following. 

in its in' 


creafes of length, the increafe of weight in theJhavings of the 
fame wood, nearly in the fame manner as the flips of whale- 
lone, quill, and deal, follow thofe of their own fhavings; 

while the thread of box , after having gained fome length by 

W h o decreaf n.or 
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decreafing fteps, begins foon to Jkorten , at the fame time that its 
fubftance continues to imbibe water ; being thus the jhorteft , 
when it cannot receive any more water in its pores. That excefs 
of the j bygrofcopic phenomenon of threads cannot but throw a 
full light on the nature of thofe hygroJ>copes. 

91 . I am now going to affemble, in two tables, the com¬ 
parative marches of all the threads , and of all the flips, which 
I have hitherto fubmitted to that regular courfe of experi¬ 
ments, laying aftde many more of each clafs, the marches of 
which I only know from common obfervations. The next 
table fhall contain the experiments on threads; in the num¬ 
ber of which are two thin natural bodies, which in that refpe& 
are fimilar to the hair ; one, an animal fubftance, is a very 
thin porcupine quill ; the other, a vegetable, is a thin ftem of 
gramen. 
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92 . There the porcupine quill {hews no retrogradation ; how¬ 
ever, confident with its tribe, it had fome in other experi¬ 
ments. Its lad deps have the nndeadinefs of the ftationary 
date, and thereby are fubjedd to anomalies. From the fame 
caufe, none of the other threads have exactly the fame deps in 
any two experiments, though on the whole their march 
remains eflentially the fame. The march here given of the 
hair hygrometer comparatively with mine, is the mean refult 
-of three experiments, with three different fets of indruments; 
one of the hair hygrometers that I have employed was fent 
to me by Mr. Paul, of Geneva, and its point of extreme 
moifture was determined in a fog. The fmall and change¬ 
able retrogradation of the thread of •whalebone and of hair 
might have been overlooked, were it not for other threads in 
which the retrogradation begins before that period where the 
date of moifture is difficult to afcertain ; but from thefa threads ,, 
that phaenomenon is placed in a clear light, which is refledded 
on the others. I have marked with an * the greateft elonga¬ 
tion of each of them, and with af a point near which their 
elongation begins, and to which they return at lad. Thefe figns 
will guide the eye in the above table , which fhews clearly, 
that no thread can be traded to for the hygrometer . 
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93. This laft table is the moft important, as it contains a 
clafs of hygrojcopes which poffefs in common the following 
fit ft requifites for an hygrometer', lft, that they may indicate, 
without any iilufion, both extreme drynefls and extreme moijiure ; 
sdly, that they move conftantly in the fame dire&ion as moif- 
ture itfelf; 3<dly, that they move always when moijiure changes. 
It fhould feem as if the march of the flip of horn taken length- 
wife , from its very decreafing progreffion, came very near that 
of the thin porcupine quill; but, as I have faid, among the 
fteps of the latter there are accidental retrogradations, and it 
fometimes has a final one; and I have never obferved that dif- 
pofition in the former, which, in its laft fmall fteps, follows 
conftantly the motions of every other flip. 

94. The agreement of all the flips in this laft refpedt is a 
very eflential circumftance in hygrometry, as it aflures us, 
that we cannot miftake the cafes when moijiure is extreme in the 
atmofphere‘, a very important point for difcovering the nature 
of many meteorological phenomena. No flip will create decep¬ 
tion in that refpedt; while, on the contrary, every thread 
may deceive in dubious cafes, and even create great error, if, 
unknown to the obferver, it happened to be in the beginning 
of its elongation. There was, however, a queftion to be de¬ 
cided in that refpedl, namely, whether or not a great moijiure 
in the medium was a caufe of alteration in the march of any 
hygroflope , by producing in its fubftance a fudden irregular 
lengthening. That accidental queftion is anfwered in the nega¬ 
tive by all the hygrojcopes of both clafles : for, in refpedt of the 
threads , infiead of lengthening fuddenly in that period of mofl- 
iure, they have then a retrograde motion, either continuing 
or only beginning; and as for the flips, they, by lengthening 
in the fame period, only follow their former laws; the flips 

which 
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which, comparatively to that of whalebone , have at firft fmall 
fteps, and which confequently move in an increafing progref- 
fion, continue only to follow that progreffion ; and thofe which 
at firft have greater fteps, and confequently a decreafing march, 
have then fmall jteps conformable to their individual law; 
therefore, none of thofe hygrofcopes of both claffes have any 
fudden Jlart , produced by any degree of moifture in the medium , 
or by the application of concrete water ; each of them fol¬ 
lows, from one end. to the other of its fcaie, itow nprogrejjion ; 
and in refpect of flips, moifture is never extreme in the ambient 
medium , as long as, in their refpective progreffons , they have not 
attained their greaieft length. 

95. Our common hygrometer muft then be made of one of 
the flips but with that great diffimilarity obferved in their 
marches, which of them {hall we choofe as indicating the real 
march of moifture? None as yet from that confideration, 
which I do not even think a primary one. It is true, that if 
we truft to the increafes of weight in thofe fubftances, as being 
a means of afcertaining the real progrefs of moifture in the 
ambient medium, the mean rate of fix experiments of that kind 
related in this Paper, give the preference to the fip of whale¬ 
bone ; but this I do not yet confider as decifive, farther than in 
what relates to the comparative marches of ftps and threads ; 
however, as my reafons of doubt on a more abfolute conclufion 
cannot be expreffed in a tranfitory manner, I muft lay them 
afide for the p refen t. 

96. But, as I have faid before, this is not what ought to’ 
determine our choice on the fubjtance of a common hygrometer, 
fince the obfervations themfelves are diftinct from the confe- 
quences to be drawn from them. Let us fuppofe the cafe* 
(which I do not give up) that, with time and refearches, fome 

Vol. LXXXI. I i i procef* 
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procefs be found by which known quantities of molfture may 
be fucceffively produced in the medium itfeif. The ufe of that 
procefs for hygrometry will be, as M. de Saussure has begun 
to do it, to ohierve, on fome hygrometer,, the fucceffive effects 
of thofe known quantities of moifture , from which may be 
formed a table of the correlpondence between the equal degrees 
of the fcale of the chofen inftrument, and the reai quantities 
of moifture in the medium ; and that table will ferve to correct 
as well pqft as future obfervations made with that inftru- 
ment. Therefore it matters not what that hygrometer fhall be, 
provided it. is convenient in other refpe&s. Let us then exa¬ 
mine which of the fips poffeffes the mod: effential properties of 
an hygrometer, fuch as fhould be in common ufe for compara¬ 
tive obfervations, and to which confequently future difcoveries 
in refpedt of the real proportions between the quantities of 
moifture itfeif would be applied. 

97. Steadinefs is furely a fir ft requifite for fuch an inftru- 
meut; and in that refpedt no fip comes in competition 
with that of whalebone. That property was the firft motive 
of my choice; and as an inftance of it I {hall only mention, 
that 1 have juft now plunged Into water an inftrument of that 
fort, of above ten years {landing, which is come- to its point 
of extreme moifture as if it had been fixed yefterday; for, 
without regard to the diftance of obfervations, there may be 
between them a difference of fome tenths of a degree. Some 
other fips may be brought to a certain degree of fteadinef by 
ftudying what is the degree of f retch which they may bear; 
but that attention is not necefiary for the flip of whalebone: 
if, for inftance, when .its point of extreme moifture has been 
fixed while it yvas f retched to a certain degree, that f retch is 
"' tJ much 
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much increaled, it will acquire fame abfolute length ; but it 
will b c fiteady again for a new point taken then in water. 

9S. Another property of the flip of whalebone, which at firft 
fhould ftetn contradi&cry to the former, is its great expansi¬ 
bility, in which alfo it fus-pafles all the fubftanccs which I have 
tried. Such a Jl b lengthens above one-eighth of itfelf from 
extreme diyvefs to extreme tnoifilure, which produces many ad¬ 
vantages in the conftru&ion and obfervation of that inftru- 
ment. In refpedt to obfervation, when It is expofed to the 
wind, the difflrence between the chords of the arches of its 
bends and its real length is fo fmall, comparatively with its 
hygrafcopic variations, that the indetermination of its index 
will remain confined in a Ipace of one or two degrees, when it 
becomes importable to obfei ve hygrometers whofe fubftance has 
but little expanfion. Laftly, of all the fubftances which I have 
reduced to Jlips, none is fo eafily made thin and narrow as 
whalebone. I have found means for producing eafily fuch Jltps 
of it as, with a length of eight inches, weigh only about ^th 
of a grain, and are thereby as quick as is convenient in other 
rel'pefts. All thofe diftindtive properties of the Jlip of whale¬ 
bone feem to point out an hygroficopic fubftance fit for our com¬ 
mon hygrometer. 

Defcripiion of the whalebone hygrometer. 

99.1 have now only to defcribe the conftruCfcion of that inftru- 
unent as I have fixed it atter a long experience. The fig. 1. (Tab. 
IX.) Ihews its form for common ufe. Some of thofe inftruments 
are of the fame fize as the figure , and they may eafily be made 
finaller, but commonly they are half as large again in every di- 
m,cnfion.. Their frame will fufficiently be known from the figure, 

lii z therefore 
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therefore I ft all confine myfelf to the defcription of fome par¬ 
ticulars. The flip of whalebone is reprefented by a, b ; and at 
its end a is feen a fort of pincers, made only of a flattened 
bent wire, tapering in the parr that holds the Jlip, and prefled 
by a Aiding ring. The end b is fixed to a moveable bar c, 
which is moved by a fcrew for adjufting at fir ft the index. The 
end a of the ftp is hooked to a thin brafs wire; to the other 
end of which is alfo hooked a very thin ftlver gilt lamina, that 
has at that end pincers fimilar to thofe of the ftp, and which 
is fixed by the other end to the axis by a pin in a proper hole. 
The fpring d, by which the ftp is ftretched, is made of filver 
gilt wire; it ads on the flip as a weight of about 12 grains, 
and with this advantage over a weight (befides the avoiding 
fome other iucoaveniencies of this) that, in proportion as the 
flip is weakened, in its lengthening by the penetration of 
moifture, the Spring, by unbending at the fame time, lofes a 
part of its power. The axis has very fmall pivots , the 
P uUers of which are prevented from coming againft the frame, 
by their ends being confined, though freely, between the flat 
bearing of the heads of two /crews, the front one of which is 
feen near/. The fe&ion of that axis, of the fize that belongs 
to a Jlip of about 8 inches, is reprefented in Jig. 2.; the Jlip 
ads on the diameter a, a, and the fpring on the fmaller dia¬ 
meter b , b. 

100. Another conftrudion of the fame inftrument is repre¬ 
fented, of half its dimenfions, by jig. 3. (Tab. X.) The effenrial 
parts of that hygrometer are the fame as in the other; therefore I 
fhall only mention the differences adapted to the ufe of fixing it 
eut of a window. The figure reprefents the manner in which 
it is fixed, with its dial turned half-way towards the obferver, 
by a proper head of the hooks which hold it at the top and the 

bottom. 
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bottom. The fteadv part of the inftrument is reprefen ted by 
Jig. 4.; it is partly au half tube, cut longitudinally through, 
the axis, and having fidewife two vertical rows of large holes. 
A whole tube goes over that half one; for which purpofe the 
piece a , a, is taken off by unfcrewing the female fcrew b which 
belongs to the part d; this laft is a fmall open tube, cut out- 
fide in fcrew. The large external tube has alfo two vertical 
rows of holes, at fuch a diftance from one another, that, when 
one of them correfponds to one of the rows of the half tube, 
the other is in front. The two oppofite portions that tube can 
be brought to are in order that the inftrument may be placed 
either fide of a window, and each of thofe pofitions is deter¬ 
mined by one end of a cut at the bottom of the tube in a , jig. 
3. which then holds againft the fteady pin c, fig. 4. The rows 
of holes of the tube are to be turned towards the room, to 
prevent the rain from falling on the flip ; and the dial being 
inclofed in a box with a glafs in front, no rain can get into the 
inftrument. It muft alfo be fixed in a place not much expofed 
to the fun, or be fcreened from it without preventing the circu¬ 
lation of the air. The communication of the flip with the 
external air through the rows of holes and the open bottom d t 
fg. 4. is fufficient for that clafs of obfervations. By the man¬ 
ner of its being hooked, it may be eafily taken off for carrying 
elfewhere; and, if a quick obfervation is wanted, the tube alfo 
may eafily be taken off. 

I have the honour of prefenting one of thofe inftruments to 
the Royal Society; and, as it is very defirable that fome hygro¬ 
meter be added to the other meteorological inftruments ufually 
obferved, I wifli this may deferve a place in their Obfervatoiy 
for that purpofe. 
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mpans of its capillary poie a , evaporate, and leaves, the fu D ar lenfib y as it was 
before, ibkh 

dLh[po 4 ill a nee between It and Bu^To-ah , p 137* 

A» herons, on the production ot, p. 43. 4 mbeigris found in a fpermaceti whale, ibid. 
Mali lively to be found in fi kly wi abs. p 4.7, 

Ai Jes, defc iption ol a Ample m ootuoter tot nuaLring .mall ones with the tekkope, 

P 

Antnnonmhs % pul vis* experiments on, p. 34.9. 

Jjt mny and antunouial cakes, various exp* amen s on, p. 331. AnfWnlal ca 1 n 
i.g^dteat in Jtmes’s powder, p. 3,3. buiphui of a iti* my nu waj cceflai to 
the t ijtu ion of James’s powder, p. 360. 

Atcb* Oonhdera ions on rhe convenience of raeafurhg an arch 0* the nvr dian, zid 
o\ the parade! of lo igi ude, having the Oofeivaan a* Gcaeti for their common 
interaction, p 10D* 

Amcjphtnc Jetlnuiy, meteorological journal principally relating to, p, 185, 


B. 

Barbu Thames, abfbaft of a reg’ller, for the »ear 1789 of the barometer, the~mo« 
Ex tu, 1 iu um* at i yndon hi RutUndihue, j * S9* 

Bn mi ter f of a icgifter of one, kept at L\ndun in Rutlandshire, for the year 

178), p. 89 

Bajahn nd gianirr, obfemtions on the ffi tty between, p 48. BaJ sites and nate 
gjt 1 ually approach and change mto one an <,ht r, p. $0 Ftldipatl, fhoerl* a dtiita, 
fuM uices common both *0 bafahes and granite, ana tend to fit bain trie nui rela¬ 
tion between theie tw > kmds of rock, p. 54 Bafaltes aj d granite fo Inv ked in 
one another, that they am luppofcd to han undergone the la ne operations of nature 
at the fame time, p* 38* 

Beddoes 7 Du on the affinity between bafalt^ md gtanite, p. 48* On fome appearances 
attending the conveifion of call mt malleable iron, p* 173* 

BuJJbrah , its difiance from Aleppo, p. 137* 


Gacbokngi Hydrabad Tabafheer refembles, p. 369* 

Calces , aimmonul, experiments on, p 3$x. 

Calculi^ human, experiments on p, 223. 

Camels , on the rate of travelling, as performed by; and its application, as a Jcale, t© 
* the purpofeg of geography, p 12.9* A "vmfcl’s bad 500 or 600 pm nds, p. 136* 
Capelh, a ftar of the fir It magnitude, between the zenith ol Geneva md 

St* Jean Maurienne, p. 115* 

t 


Capdlarj 



[ 4-3P. 1 

Capillary pores, water enters fugar by means of, p. n» Alcohol enters fugar by tb e 
jame means, ibid. The penetration of animal fuhftances produced by the faculty, 
of capnlary pores, p. 12, 

Cafes in which horny excrefccnces have appeared on the human body, p» 96* 

Cavalh , Mr. Defcription of a Ample micrometer for meafuring fmall angles with the 
telefcope, p; 2 S3. 

Caufevoay, Giant’s, many of its pillars confift of fine-grained, dark-coloured whin-* 
fioue, p. 

Chalk, a great deal of chalky ground in the fouthern parts of England, p. 281. Vein 
or chalk rims from the fea in Devonfhire, along the fourhera counties of England to 
Dover, ibid. Another vein parts off from that about Reading in Berkshire, and 
continues its courfe by Dcnftable, Baldock, and Gogmagog Hills, to the fea in Nor¬ 
folk, irdd. Confidtrafole quantities of chalk in the wolds of Yorklhire, ibid. Bed 
of chalk dlfcovered near Ridlington in Rutland, ibid. Chalk about Ridlington * 
harder chan that of the fomh of England, ibid. 

Chernies Laeca, account of, p* 228.' Frequently adheres to the branches of the Mimofa 
cinerea, ibid. .Vail quantities of exceedingly fmall animals obferved upon the lac 
and branches, ibid. Defcription of the male lac infedt in its perfect Rate, p« 231^ 
Defcription of the female lac infedt in its perfect ftate, ibid. Mr. Hellot’s procefsfor 
extruding the colouring matter from dry lac, p. 233. 

Considerations on the convenience of meafuring an arch of the meridian, and of the 
parallel of longitude, having the Obfervatory of Geneva for their common inter* 
fedtion, p« 106. 

D* 

Dally, Ifaac, on the longitudes of Dunkirk and Paris from Greenwich, deduced from 
triangular meafurement, fuppofing the earth to be an ellipfoid, p* 236. 

Dephlogifiicaied air. See Air* 

Defcription of a Ample micrometer for meafuring fmall angles with the telefcope, p# 
283. Defcription of the whalebone hygrometer, p, 419. 

Devon/hire, vein of chalk rims from the fea coaft of, along the fouthern counties of 
England to Dover, p. 28r. A vein of chalk runs from the fea coaft of Devonfhire 
to the fea coaft of Norfolk, ibid. 

Difiance between Aleppo and Bufibrah, p. 137* 

Dover, vein of chalk, which runs from Devonftiire, terminates at, p. 281. 

Drynefs, abfolute, can only be produced by Are, p. 1. Obfervations on .abfolute dry- 
nds, p. 2. Drynefs produced by pot-a£h, p. 4. Point of drynefs capable of fixa¬ 
tion by lime, p. 3. 

Dunkirk, its longitude from Greenwich deduced frqm, triangular meafurement, Tup^ 
poling, the earth to be an ellipfoid, p, 236, ' 

1 v ‘ , " '■ '''' ' '" 5 'f t Ekflrmijz 
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E, 

EleBricity, meteorological journal, principally relating to atmofpheric, kept at Knights- 
bridge, p. 185. Description of an inftrument for collefting atn.ofpheric ekaricity. 
Ibid. Remarks on fome phenomena exhibited by a rod on Aug. 31, 1789, p. 2II . 

Evaporation, the caufe of h\ /oicopic bodies lofxng part of their moiftare, p. 2. Expe¬ 
riments on the maximum of evaporation, and its correfpondence with the maximum 
of moxfture in a medium, p. 17. The maximum of evaporation in a mafs of 
Inclofed air, far from b ing identical with the maximum of moiflure, p. 20. In a 
ftagnaat air every evaporating fubftance has an atmofphere of extreme moiftare* 
P* 4 03 * 

Excrefcences , obfervations on certain ones of the human body, p. 93. 

Experiments on hygrometry, p. 2-^42. Experiments on abfolute diynefs, p. 2. On extreme 
moiflure, p. 10. On the maximum of evaporation, and its correfpondence with the maxi¬ 
mum of moiflure in a medium, p, 17. On two diftin& clalfes of hygrofcopes, p. 20* 
On the fcale of the hygrometer between the two fixed paints, p, 24. On the compara¬ 
tive changes of weight and dimenfions of fome hygrofcopic fubftances, p. 27. On the 
recoil of hygrofcopic threads, p, 39. On the converfion of caff into malleable iron, p* 
173. Conclulions drawn from experiments on iron, p. 17^ Experiments relating to 
the decompaction of dephlogifticated and inflammable airs, p, 213. Inflammable air 
proemed by means of fleam, p. 216. Experiments on human calculi, p, 223. 
Experiments and obfei vations to invefligate the compofition of James's powder, p«, 
317. Experiments on the fenftble properties of James's powder, ibid. On Its fpe- 
dfic gravity, p. 318. Experiments on the effedls of fire on this powder, ibid. Ex¬ 
periment (hewing that antimony, mixed with earthy matter, is ufed in the compofx- 
tion of James's powder, p, 320* Experiments with different menftrua applied to 
Jaifies’s powder, ibid. Experiment (hewing the proportion in which James's pow¬ 
der diffolvcs In water, p. 324. Experiment with marine acid applied to James's 
powder, which had not been expofed to the a£tion of nitrous acid, or any other 
menflruum, p. 344. Experiments on James's powder with fixed alkalies, p. 343* 
Synthetic experiments on James's powder, ibid. Experiments on the Palvis anti- 
monialis, p. 349* Various experiments on antimonial calces, p. 351. Chemical 
experiments on Tabaftxcer, p* 368. Experiments on Tabalheer, treated with water, 
p, 370* With vegetable colours, p. 371. At the fire, ibid. With acids, p. 373. 
With liquid alkalies, p. 375. With dry alkalies, p. 379* With other fluxes, p. 
380* Table of experiments on comparative changes in the weight and the length 
of the fame fubflance by increafing moiftare, p; 41 u 

T. 

Mdjpmh a fubflance common both to hafaltes and granite, p. 54* 

Fewpo t wders i receipts for making* p* 346, 347* 
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Fnf, considered as tl*e c?nfe of heat, the oify agent by w 1 Ur alfoldo dnnffi can be 
inn untely pi educed, p j. Fid uipibie of pmduu <• an} m « l de'iu. of 
con p»£ti e s, as la' s abut 4 a* tty ih 1 , The eft its ot 1 il o (Ki»N pc w* 

de , p. 31R. F re poweifdi m the cbai ge ot the coluiu 01 bodies, p, 30a, Foe *M 
cade oi heat, p. 402* 

Fixed dir. See /Vr* 

Jtei, rows of, in a chalk-pit near Ridhogton in Ruthnd, p* 281. F '6 about Kiel* 
lington not fo I lack a& thole the to u n tountic , but v ei, 1 1* 

in Hamplhne, aoihuttof a ltguter of ram kept -u, to* tn« yuu 1/0*9, p. 89* 


G. 

Geneva* Confideiations on the convenu ice of nieafarng *n A «rh of the rnendim, ml 
of the parallel or lougitude, having the Obiervattr) oi Genua ioi then common 
interfedtion, p* 106. CapeLa, a ft at oi the fit it magnitude) cii.n rue bet v\ ter the 
zem Its of Geneva and St* Jean Maunenne, p« 115* 

Gtogiaph)* On the rate oi travelling, as performed by camels § and its applkau m as a 
f e, n the puipofes of geography, p. 129, 

Giant's Cau/ewaj) many oi its pilUia coniift of fine-giamed, daik-cuoured whLflone, 

p. *i. 

Gumitc and bafaltes, obiervations on the affinity between, p. 48. Alrool* all gnmtes 
null into a buck glals, p. 60. Granitic lavas are granite rocks fated, p, 63* Mai- 
vt iP H Ufa* tonpofed of granite, p. 6j* 

Gum'votdh tf v, longitude 01 Dankuk from, deduced from triangular meafutement 5 fup* 
pi ua 0 the earth to be an elhpfoid, p. 53b. JLonguude oi Fans from Greenwich, 
ibid. 


H # * 

Hm> at its maximum in a body, when it is incandefcent, p« 3, Heat c&ufed by 
fat, p, 402, 

ELr/lhel) Dr* on nebulous ftars, p, 7 u 

limt* Everard, on cerain horny excrefcences of the human body, p* g<;* 

II mm body, obfervafiontf on ceitam horny excreft cnees of, p» 95, The cafe of 
Mrs Lonfdale, p. 96. Th*cafe of Mrs. Allen, p* 98. 

JJydmhad 1 ahaiheer, experiments on, p» 369* Refembies Cacholong, Ibid. 

meter, fundamental proportions tor the confttuftion of an, p* i* Abfdutedry* 
bus can only be \ reduced by lire, ibid. Extreme imnfture can only be produced by 
means of water, jbidL 16, Obfervationg on abfoltite drynefs* p. 2# An hygrofropic 
body cannot Idle any pair of its moifture, but by evaporation, ibid, Drjaefs capable 
of fixation by lime, p. 5, An hygrofcopic body, which k brought to ineanddeenc^ 
cannot coman my cvaporable water, p* 9, The point of extreme moulure of m 
hygrometer known by the excels of water, p. 17* (Jbimmm* on two difttnft 
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cMes of hygrofcopes, p. 20. Obfervations on the fcale of the hygrometer between 
the two fixed points, p. 24, Experiments on the comparative changes of weight and 
dimenfions of fome hygrofcopic fubflances, p. 27. Experiments on the recoil of 
hygrofcopic threads, p. 39, Hygrometers varioufly afFeded by fcattered atmofpheres 
of extreme moiftuie, p. 401. Steadinefs the firft requifite for an hygrometer, p. 
418. Defcription of the whalebone hygrometer, p, 419. 

Bygrometry) obfervations on, p. 1, 389. 

I. 

j ... 

James's powders, experiments and obfervations to inveftigate the compofition of, p. 317; 
Its nature hitherto unknown to the public, ibid. Senfible properties of the powder, 
ibid. Smooth to the feel, with fome rather rough particles, ibid. Gritty in the 
mouth, p. 318. Perfedtly inodorous, ibid. On the fpecific gravity of James’s pow¬ 
der, ibid. Much heavier than any of the common earths and (tones in a pulverized 
Itate, ibid. The efftdts of fire on this powder, ibid. Antimony mixed with earthy 
matter, found by experiment in James’s powder, p. 320. Experiments with dif¬ 
ferent menftrua applied to James’s powder, ibid. The proportion in which James’s 
powder diffolves in water (hewn, p. 324. Conclufions drawn fiom experiments on 
James’s powder, p. 32 5. Experiment with marine acid applied to James’s powder, 
which had not been expofed to the aSion of nitrous acid, or any other menftiuum, p. 
344. Phofporic acid, lime, and antimonial calx, ingredients in James’s powder, 
p. 345. Experiments on James’s powder with fixed alkalies, ibid. Sulphur of anti¬ 
mony no ways neceffary to the formation of James’s powder, p. 36m The ingre¬ 
dients made nfe of in the formation of James’s powder enumerated, p. 367. 

Infinite feries, obfervations on, p. 146. New method of mveftigating the fums of infi¬ 
nite feries, p. 295. 

Inflammable air, obfeivation on the production, of heavy, p. 176. Experiments relating 
to the decompofition of inflammable air, p. 213. Inflammable air ptocured from 
‘iron by means of fleam, p.216. 

hfetl, Defcription of the male lac infeft in its perfefi date, p. 231. Defcription of 
the female lac infe£t in its perfeft date, ibid. 

Journal, meteorological. See Meteorological Journal. 

Iron, Account of fome appearances attending the converfion of call into malleable, p. 
173. Conclufions drawn from experiments on iron, p. 173. Grey iron contains a 
large portion of plumbago, p. 177. 

i Ivor j>, the temperature of water has a fenfible effeft on the expanfion of, p. 15, 

L. 

Lac. See Cbemes Lacca . 

Lambeth, Sooth, abftraft of a regifter of rain kept at, for the year 1789, p. 89. 

Lane, Timothy, on human calculi, p.223. 

You LXXXI. L1 
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bandaniiy Ihcw, that Ere is capable of producing any required degree of com- 
p rc. Gumitic las as are granite rocks fufed, p. 63. 
pautne ^ ^ d(;term i r / !n g 5 from the real piobabilities of life, the values of 

L,)e ' ? a “Z n5 m which thiee lives are involved in the fumvorlhip, p. 246. 
L , me , an ingredient in James s powder, p. 34S- 

^ilT^fideUons on the convenience of meafmingan arch of the parallel of. 


Un'ritu ks of Dunkirk and Paris from Greenwich, deduced from triangular meafure* 
ment, fuppofing the earth to be an elhpfotd, p. 236. 

Lu h J.A.de, on hygrometry, p. 1.389* 


M. 

Made, Mr. on Tabalheer, p. 368. 

Malvern Hilh, com poled of giamte, p. 6;. 

Menorokmcal telating to atmofpheric electricity, p. i8<. See Ekehut*/. 

A kept at the Apartments of the Royal Society, lor January 1790, 

App p« 2. February, p. 4- Match, p. 6 . April, p. 8 . May, p. 10. June, p. u. 
July, p. i 4 - Auguft, p. 16. September, P . 18. Oftober, p. 20. November, p. 

22. December, p. 24. 

Afrca, a fubfiance common both to bafaltes and granites, p. 54. 

Milometer, defeription of a Ample one foi meafuring fmall angles with the telefcope, p. 

283, Telefcopical micrometers, divided into two dalles, ibid. 

Milky way, confifls entirely of ftaia, p. 71. 

Moifime in' hygrofcopic bodies, can only be p.oduced by means of water, p. 1. Hy- 
groicopic bodies cannot lofe part of their moiftuie, but by evaporation, p. a. Quick- 
lime poffdfes a great capacity for modhue, p. 4. Oofcmtiom on extreme moifture, 
p 10 Moifture, a quantity of writable watet, either evaporiUe, or evapoiated, p. 

‘ The maximum of moifture known by the cxcefs of water, p. 17. Extreme 
moifture exifts m the air, p .9.' The idea of two forts of extreme moifture without 
foundation, p. 402. In a ftagnant air every evaporating fubftance has an atmofphere 

of extreme moiltur?, p. 4 oy< . 

Morgan, Mr on the method of determining, from the real probabftmes of hfe, 
ihe values of contingent reverfions in which three lives are involved in the fur- 

vivorlhip, p. 246. 


N. 

jUMtut ftars, obfervations on, p. 71, Diffiifcd nebulofities obferved about the cob- 
jtellauon of Otion, p. 85. 
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P. 

Pails, its longitude from Greenwich deducec. fioru triangular meafuement, fujp fuig 
the earth to he an eilipfoiJ, p. 236. 

peaifon. Dr. on the cotnpofition of James’s powder, p. 317. 

Pbofpbmus, not obtainable by puffing marine acid through a compound of bones and 
charcoal, when red-hor, p. 184. The attia&ion of phofphorus and lime for vital a.r 
exceeds the attraftion of charcoal by a greatet foice than that anting from the attrac¬ 
tion of marine acid for lime, ibid. 

TiHtt, Maik Augnftus, on the convenience of meafuring an arch of the meridian, and 
of the parallel of longitude, having the Obfervatoiy of Geneva for their common 
interfe£t.on, p. to6. 

Poies, capillaiy, water epteis fugar by means of, p. 11, Alcohol enters fugar by 
the fame means, ibid. The penetration of animal fubftances produced by the faculty 
of capillary pores, p. 12. 

Pot-ajh, with fome other alkaline fubftances produce drynefs, p. 4. 

Powder. See James's Paw Jet . 

Preftnts, lift of, P- 4 2 3 * 

fuejlley. Dr. on the decompofition of dephlogifticated and inflammable airs, p. 215. 

Problems refpefling iurvivorlhips, p. 248, 253, 256, 258, 261, 263, 265, 267, 269, 
a 7 2. Problems 1 elating to angles, p. 290, 29!. 

Proportions , fundamental, for the conftrutfion of an hygiometer, p. 1. 

__relating to infinite feiies, p. 299, 300, 302, 303, 308, 309, 310, 311, 

3.12, 314* 

PuWis antimanialis, experiments on, p. 349. 


Qo 

Snicllme, poffeffes a great capacity for moifture, p. 4. 

R. 

Rain, abftrad of a regifter of, kept at Lyndon in Rutlandfhire, at South Lambeth !» 
Surrey, and at Selbourn and Fyfield in Hampftiire, for the year 17813, p. 89. Alois- 
quantity of rain fellin the year 1788, than in any year fince 1750, p. 90- 
Read, Mr. on attnofpheric eleftticity, p. 185. 

Receipts for making fever powders, p. 346, $ 47 - 

Pennell, Mr.,on the rate of travelling, as peifoimed by camels; and its application, 
as a fcale, to the parpofes of geography, p. 129. 

Rejuhs from a feries of experiments on hygrometry, p. 41* 

J. Fire, as caufe of heat, the only means of obtaining extreme drypefs, ibid. 

3. Water, in its liquid ft ate, the only means of determining the point of extieme 
moifture on the hygrometer, ibid. 

3. No fibrous or vafcular fubftance, taken lengthwife, proper for the hygrometer, 

xbii. . • <, 

4. LighS 


LI lx 



[ 43 6 ] 

4. Light thrown on the maich of a chofen hygrometer, by comparing it with th* 
coriefpoadent changes in weight of many hjgroicopic fubit mces, ibid, 

Reveijions. See Suiwvorjhips* 

Ridlington , in Rutland, bed of chalk difcovered near, p. 281. Flints found about Rid- 
Hngt n not fo black as thofe of the mote fouthera counties of England, p, 281. 

Roxburgh, Dr. on the Chernies Lacca, p. 228, 

3 . 

Sellout n , in Hampfhire, abffradl of a regifler of rain kept at, for the year 1789* p. 89. 

St) ies, infinite, obfervations on, p. 146. See Infinite Seties. 

Sloerl, a fubftance common both to bafaltes and granite, p. 54. 

Solutions of problems relating to furvivorfhips, p. 248, 253, 256, 238, 262, 263, 265, 
267, 269, 272. Solutions of problems refpe&ing angles, p.290, 291* 

Solutions of proportions relating to infinite feries, p. 299, 300, 302, 303, 309, 31c, 
3 1 T 7 312 * 3 X 4* 

Squid, a fifh, fuppofed to be the food of die fpermaoetiVhale, p. 44, 46 

Stars, nebulous obfervations on, p. 71. Milky-way conilfls intirely of liars, ibid. 

Sugar, has an affinity with water, and no fenfible one with alcohol, p, 11. Water, 
entering fugar, by the faculty of its capillaiy pores dififolm it, ibid. Alcohol, 
entering fugar, by the fame means, evaporates, and leaves the fugar fenfibly as it wa* 
before, ibid. 

Sulphur of antimony no ways necelfary to the formation of James’s powder, p. 360. 

Sutvivotjhips* On the method of determining, from the real probabilities of life, the 
values of contingent reverfions in which three lines are involved in the furvivorlhip, 
P* 246. 

4 T. 

Tabafheer, chemical experiments on, p, 368. Hydrabad Tabalheer refembles fragments 
of Cacholong, p. 3C9. Of a difagrceable earthy tafie, refembling that of magnefia, 
ibid. Experiments on Tabafheer treated with water, p. 370. With vegetable 
colours,. 371. At the fire, ibid. With acids, p. 373- With liquid alkalies, p. 37^ 
With dry alkalies, p. 379. With other fluxes, p. 380. 

Talks. 

A table of hygrofcopic and thermofeopic refults, p, 33. 

A table of hygrofcopic re 1 tilts, on whalebone, quill, and deal, p„ 35* 

Meteorological journal, principally relating to atmofpheric electricity, kept at 
ICnightfb ridge, from May 9, 1789, to May 8, 1790, p. 189—210. 

Table containing a monthly account of electrical fparks* and of pofitive and nega¬ 
tive eleftricity, as indicated by a pith-ball eie&rometer, and fometlmes by only 
flaxen threads without balls to them, p. 21 r* 


Table 
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Tabic (hewing tlie di fiance anfvtenng to an} angle from one minute to one degree* 
which L fu blended by *nexten£on of a foot, p* 293. 

Table fliewing the gi fiance aufwering to any angle from one minute to a degree* 
which is fab tended by an extenfion. of fix feer, p. 294. 

Tables of fums ot reciprocals, ufeful in the invefllga ion of the fummation of 
infinite feries, p, 296, 297, 298, 299. 

lable of the comparative changes in the weight and in the length of the fame fub- 
flances, by the fame increafes of moiftute, correfpondent to the march of cue fl o 
of whalebone from 5 to 100 of its degrees, p, 409. 

Table of experiments on the comparative changes in the weight and the length 
of the fame fubflance by increafe of moifture, p. 411* 

Table of the coirefpondent marches, by the fame increafes of moiflure, of dif¬ 
ferent threads, or vegetable and animal fibrous fubftances taken length wife, 
P* 4 r 3* 

Table of the correfpondent marches of flips, or of fibrous vegetable and animal 
fubflances taken acrofi the iibies, and of fuck as have no fenfible fibi es, p. 41 

Meteorological journal, kept at the Apauments of tie Royal Society, for January 
App* 1790, p. 2. February, p, 4. March. p 9 6. April, p. 8* May, p. 10. 
June, p„ 1 2* July, p. 14, Augufl, p. 16. September, p. 18. October, p» 
20* November, p. 22* December, p. 24* 

Table containing the greatefl, lead, and mean heights of the thermometer and 
batometei 5 and alfo the mean quantity of rain in inches which fell, for every 
month in the year 1790, p. 26. 

T'thjcope , defciiption of a Ample micrometer for meafuring fmall angles with, p. 283, 

\fehfcopkal micrometers* See Micromtfer* 

Tennant , Smithfon, on the decompofidon of fixed air, p. 182* 

Thermometer, abftradi of a regifter of one, kept at Lyndon in Rutlandiliire, for the year 
1789, p* 89* 

Travelling, on the rate of, as performed by camels, and its application, as a fcale, to 
thepurpofcsof geography, p* 129. Camels will not permit themfelves to be over¬ 
loaded, ibid* Their hourly rate, in travelling, afeertained, p. 137. 


V, 

Fmce, Rev, Mr. on the invefligation of infinite feries, p. 293, 


W. 

Waring, Dr f on infinite feries, p* 146* 

Water, the only fare immediate means of producing extreme moifture in hygrofcopic 
bodies, p* h 16* The temperature of water has a fenfible effect on the expanfion 
of ivory, p, 15, The maximum of moifture known by the excefs of water, p. 17. 
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Glafs contains conciete water very imperfcdly, p. 40X* Water the c&fe of na¬ 
ture, p. 402* 

Whale, fperxnaceli, am berg? is found in, p, 43. Speimaceti whales, when 
generally void their excrement; but if they do not, ambeigiis is found in tnem, r , 
Ambergris moft likely to be found m fickly whales, ibid, 

Wlmlebone hygrometer, deferipticn of, p* 419. 

Wolds of Yorkfhire, confiderable quantities of chalk found in, p. 281* 

Y. 

Ymkfhne* wolds of. confiderable Quantities of chalk found is, v. z$z» 
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144. 18, infert it after if 

276. 2. infert comma after lives, and dele after are 
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jjlX. 3. from bottom, let-men Ice. and — - infert - l 

8 


1, and 2. from bottom, for — read 
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312. $. f° r ~ read ~f 
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